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PUKKACE 


Tills trcalisc liiis l)(‘('n wiiticii for tlioso intcrcFtc'd in t.ho falirication, 
lui'rcluuulisiiit; and iipplicalioii of liituminotis imiducts. It cmliriicos: 
(I) mctliods sorviiir: as a snide for the works chemist engaged in testing 
and analyzing raw and mamifaetured prodnets; (2) data for assisting 
tile refiiK'iy or factory superintendent in lileiiding and compounding 
mixtures: (II) information enabling the amliitious salesman to enlarge 
his knowledge eoneerning the scope and limitations of the articles he 
M'l'ds; and (1) the priiieiples underlying the practical application of 
bitnminons |irodnets for stnietnral pnr])oses, of interest to the engineer, 
eoiitraelor and arehileet. Suhji'et-matter of sole value to the technical 
man has been segregated in I’arl \', “Methods of 'I'esting,” excepting 
till' onlline of the ‘'('hemisirv of liilnminons Substances” appearing in 
Chapter 111. These seetiens, however, may be passed over by the non- 
teehnical man, without interfering materially with the continuity of the 
work. 

In view of the vast amonni of ground covered in (his volume, and 
fully realizing the limitations of Ins protieieney in some of its braiiehes 
and ramitieations, the anihor has taken it upon himself to draw frei'y 
fi'.m eenlemporary text-biiiiks and jeurnal articles. In sneh instances, 
Ins ('iideavor has been to place due la'edit where il belongs, by referring 
to the source of such extraneous information. Nevertheless, (here has 
been includeil a substantial amount of original data aeeumnlated by 
the anihor during the past nineleen years, most of which appears in print 
heri'in for (he first time. 

To|)ics which have been ably presenti'd in other reference books, 
as for example the technology of pavements, etc., have purposely been 
subordinated to those eoncianmg which little data has hitherto been 
available. To Ihe kilter belong such subjects as petroleum a-sphalts; 
fatty-acid pilches; bitnminized roofings, (loorings and other fabrics; bitu- 
minons jiaints, ci'ineiils, varnishes and ja|)ans. 

Certain branclu'S of Ihe industry have developed along different linos 
in knrope than has been the case in this country, especially the treat- 
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ment of peat and lignite (Chapter XV), also pyrobituminous shales 
(Chapter XVI). In such instances, the methods in vogue abroad before' 
the great war are described with more or less detail. It must be 'borne 
in,mind in this connection, that the war has materially interfered with 
the prosecution of these industries abroad, and the data presented should 
be so construed, even though not specifically stated in the text. 

Whereas the greatest pains have been taken to establish the accuracy 
of eveiy assertion, as well as the authenticity of every alleged fact, 
the author does not flatter himself that he has escaped the pitfalls wliigh 
must perforce beset the path of a writer who undertakes to delve into a 
subject as complicated as the one under consideration, concerning which 
there arc so many divergent views. 

Appreciation is expressed for the valuable suggestions and assistance 
rendered by W. A. Hamor, D. R. Steuart, Prdvost Hubbard, S. R. Church, 
E. B. Cobb, David Wesson, Clifford Richardson, S. C. Ells, and the 
author’s immediate associates. 

Herbert Abraham. 

New York City, July 1, 1918. 
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bitutiiinucd fabrics, .'>l>ll 
bifuniiiiiKiHi iniiM rid iiatriemitcs, 
bituiiiiiKiiis cements, 6711 
bifiiiiiiiioiis ciiiiilsions, •'> 1)11 
liitiiiiiiiious paints, 6711 
bituminous japans, .‘)7(l 
biluiiiinoiis \ariiiHlics, .67tl 
diK'il paint films. .6711 
AiihIvsis, ultimate, 42 
Anhvdridcs. 6|:< 

usjihaltoiis acid. »" “as|ihiiltoii.i acnl aiihv- 
ilridcs" 

Animal < liaicnal, .<47 
Animal lals, .tl7.;i4l, 6P» 

Animal oils. .<17. dfl. 6b' 

Animal fhconcs, '«> “tlicoiics" 

Animal waxes. .fl7, 61'» 

Antliracene. 41. Ini'. 216, 2IH, 

Anthrai cue oil, 2.tl. 2P>. 21'' 

Anlhrioite roal, '>1. 2.’n, 21''. >>12 
eliissiti) atioii of, 2l'> 
iiietaiiiorpliosm 'il. 6S. I4i 
Anthiaisixemti. .6!) 

Anthra<|UUione leiution. I''l, 66(1 
Arabia, asphalts in, '</ “asjiliHlts ' 

An a<liaii sliale. !n2, 221 
ArKi'iiline, asiihalls in, ''asjilialts" 

Argillite, 1(12 

Aristotle on uspliiitls. Id 

Arkaiisa-, inipeM>mte in, '■inipsoiiite” 

Arnialnre-eBrbons. 461 

Annortsl ))itiiimiii/e<| falirns. .5S*» 

Artilir lul asphalts, i-n ' pi-troleiim usplialtB'' 

Asbestos fell, d'.'d 

Asb 111 fell. ’;Sd, d'Hi, ,6iiK 

Asia, uspliults III, fii ''as|ilia)ln'' 

Asiatic liuHBia 

asplialts in, «« “aspindis" 
elaleritf in, mi ''flateutc" 

Asphalt: 

a< id. “acid asphalt “ 
nciil-sliidKe, /if/ "ai nl'Slndae asphalt" 
aas'S'intod iiiinerals. 47 
HarbadoB, mr “ Hurbndos asphalt “ 

Hernnidcz, »/•/ “Heriinnlci osplmll" 
blown, mr “blown ix'lroleniii asphalt" 
eheniistrv, of 1.6, 28 
< lassificgtion of, 14, 20, 82 
coinpoaiUin of, 42 
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Asphaltr-t'on/inuf//; 

condenwd, tee "blown petroleum aephalt” 

consumption in U H., 67 

cracking of, 56, 277 

cut-back, see "out-back asphalt" 

definition, of. 23' 

discovery in Cuba. 12 

dUoovery in Trinukd, 12 

dUtinguishin* from fatty-acid pitch. 330 

Dubb's, nee “ Dubb'e asphalt" 

exports from U. H . 66 

extractioir of, nee "extraction" 

for waterproofing, 442, 443 

geology of, 46 

heating of, 58 

imports into II .S , 06 

LaBrea. »re "IjiBrca asphalt” 

lakes, 48 

Lunmer. w "Limmer aephalt" 
lirpiid. 82. 268 

Lobsann, aee "bobsann asphalt" 

Maracaibo, see "Maracaibo asphalt" 
metamorphosis of, .W 
native, see "native asphalt" 

Neuchatcl, see "Neucliatcl asphalt" 
origin of. 14, r)5 
origin of word, 1 

oxidised, see "blown petroloiini asphalt" 
oxidised petroieum, see “blown pelroleutii 
asphalt" 

oxygcniied, see "blown petroleum asphalt” 
petroleum, see "petroleum usphnll” 
production of. 62. 03, 65 
properties of. 22 

pyrogenoiis, see "pyrogeiioiis asphalts" 
Hagiiea, see " llagiisa asphalt" 
residual, see "rcsuliial asphalt" 
rock, see “rock asphalt" 
seefiages. 48 

Beyescl, see “Soysscl asphalt” 
sludge, see "sludge asphalt" 
springs, 8. 48 

straight-nin, see "straight-run asphalt” 
Bulphuruod, see "siilphurued nsplmlt” 
Tataros, see "'rataros asphalt” 

Trinidad, see "Tnndail asphalt" 

use by Rabylonians, 0 

use by Kgyptians, 5 

use by Persians, 4 

use by Sumerians, I 

use ill Biblical times, 6 

Val de Travers, see "Val de Travers asphalt" 

% eins. .56 

wurUilite, see "wurtxilite asphalt" 
Asphalt-bearing shales, see "shales” 

Asphalt block pavements, 7. 373 

Asphalt broken stone pa\cmcnt. 366 

Asphalt cement, see "asphaltic cement” 

Asphalt-cork composition, 453 

Asphaltenes, 527, 546 

Asphaltic cement, .370 

"Asphaltic coal.” 16 

Asphaltic constituents, 481, 545 

Asphalt fillers, 3K2 

Asphaltic limestones, 26 

Asphaltio petroleum, see "petroleum" 

Asphaltic pyrobitumen, 140 
classification of, 26 
eompositon of. 43 
definition of, 24 


Asphaltic pyrobitumen—Con/iaued 
heating of, 58 

metamorphosis of, 52. 55, 67 
origin of, 52 
production of, 62, 64 
properties of, 22 
veins of, .50 

A«pbaitic pyrobitumiiious shales, 56, 158, 169, 

classification of, 26 
metamorphosis of. 50, 57 
Asphaltic resms, 547 
Asphaltic sands, 71. 94 
Asphaltic shales m Colorado, 66 
Asphalt in: 

Africa. 126 
Albania, 10. 90 
Alberta, 105 
Algeria, 126 
yMsace-Lorrame, 118 
Aralua, 126 
Argentine, 116 
Asia. 91. 12.'> 

I Asiatic Bnssia, 125 
Aiistriu. 120 
B'lkn. 12 

California. 66, 83, 102 
Canada, 105 
Cuba. 12, 86. 107 
Dead Sea. 6, II, 51, 125 
Kastern Siberia. 91 
Duropc, 90, 116 
France, 13, 90, 110 
(Jermany, 13, 119 
Crecco, 90, 123 
Indiana, 93 
Italy, 122 
Japan, 125 
Kentucky, 66, 82, 92 
Louisiana, 100 
Mesopotamia, 8. 126 
Mexico, 85, 107 
Missouri, 93 
Nigeria. 126 
North America, 82, 92 
Oklahoma, 60, 82, 93 
Oregon, 85 
Persia, .5, 8, 13 
Philippines. 91 
Portugal, 124 
Bliodesia, 126 
Hussia, 124 
SilxTia, 91 
Siedy. 123 

South America, 80, 108 
Spain, 124 
Switicrland, 14. 117 
Syria. 91. 12.5 
Texas, 66. 100 
Trinidad. 12. lOS 
I’nited States. 82. 92 
Utah. 66. 82. 101 
Vcnexuela, 17, 86 
Asphaltites. 127, 340: 
classification of, 26 
composition of. 41, 43 
definition of, 23 
geology of, 46, 50 
heating of, 58 
metamorphosis of, 55, 57 
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Aflphaltit<‘8— Conltnufd 
production of, 62, 64 
veins of, .SO 

weathcr-resislaoce of, 340 
Asphaltites, I.nke, 11, 12 
Asphalt-leatlier mixturi'S, 434 
Asphalt macadam. Her “bilumiaous macadam “ 
Asphalt mastic, 15, 374 , 434 
Asphalt mastic floors, 374 
Asphalt mastic foot*pavem«nts. 374 
Asphaltous acid anhydrides, 546 
Asphaltous acids, .346 
Asphalt puiiifs' see "bituminous paints": 
use by Homans, 12 

Asphalt pavements, atone-filled, see "stone- 
filled sheeUasphalt pavements" 
Asphalt-saturated felt, 307, 420 
Asphalt saturator, 390 
Asphalt tiles, 374 
Asphaltum, «ee "asphalt" 

Aspbaltum oil, mh "residual oil” 

Austria' 

asphalt in, nee "asphalt" 
pyrobituminous shales in, «ee "p) robiiuiiiinous 
shales" 

Australia 

albcrtite in, i>fr "albertitc" 
elaterite in, net " claterite " 
pyrobiliimiuous shales in, «ee "p> rubitununoiis 
shales” 

Automobile oil. 203 

It 

Babylonians, use of asphalt by, 6 
BaOe-platc separator, IHl 
Baffle scrubbers, 175 
hagiia, 76 

Bakina japans, 477, 473 
Baking \ arnislies, 478 

Ball and ring fu8iiix*P"i'A inelhod, an "fusiiiK- 
point" 

Barbailos alance pitch, ne* "alaiice pitch” 

Base course, 36'J. 367 
Base of bitunnnouH paints, 4i'>2 
Base of paints, exainmatioii of, 571 
Batlivillite, 160 
Baltery-lKi* compound, 4.31 
Battery carbons. 451 
Batimf* scale, 487 
Beddina course. 373 
Benzenes, .38 

Benzine. 211. 267. 2.81. 464, 466 

Benzol. 38. 227. 232. 245. 250. 465. 46<i 

Benzol, sfiliibility m, nft “solubilit.v in benzol" 

Benzoline, 267 

Bermudez asphalt, 17, 86 

Biblical times, use of asphalt in. 6 

Biblioaraphy, .383 

Binary mixtures, 342 I 

Binder' 

bituminous, tee "bituminous binder" 
close, tee "close binders" 
of briquettes, tee "briquette binders" 
of sand cores, 2.31 
open, tee "open binders" 

Binder course, 3G8 
Bitulithic specifications, 304 
Bitumen: 
definition of. 21 


Bitumen —Continued: 
early definition of. 13 
"clastic,” 13 
onain of term, I 
Bitumens 
classification of, 20 
composition of, 42 
geology of, 46 
metamorphosis of, 52 
mo\enieni of, .30 
occurrence of, 17 
onam of. 46. 52 
properties of. 22 
Bituminate<l cork mixtures, 45.3 
Bitiinuna(e<i leather mixtures. 451 
BitumimziNl fabrn-s. 380, .'uiil, 577 
Biluminizcd Moor enverina. >26 
Bituininizi'ii mineral aaar<‘aiitcs, .f‘>2, 552 
BitiiminiztHl tapes, "clecliical inNulalina 
tapes" 

Hitumiiuzol nail boanl. 446. 566 
Bitutninous 
ilctiiiition of, 21 

Bituminous adliesue coinjHtsitniii, w. "udh.sivo 
coinpositiiitis" 

Bituminous binder, 357, .366. 3u5 
Bituminous broken stone pavi iiM iilr>, 3it6 
Hitiiininous curpets. >.<< "4'iiipct oial " 
Bituminous ccmciil, 365, .<76, 4ti2, i7.t 
aniil.vsis of, 576 

Bltilliiliious c<<iil. ti6, 61, I(iH, 225. 482’ 
classilicatioii ol, 26 
cokiiia. 226 

dcslnictne <bslillatioii of, 227 
liiotumoriihosiH of, .38 
Bolubilitv of, 22t< 

\ olatile matter in, 168 
Biliiimiioiis coal shales, 1.39 
Bituminous coatina compositions, .<92, 437 
Bituminous compositioim. 112 
Bituminous coiuTctc iiavcniciits, .{ii2 
Bitiiminoiis diist-lavina oils, 2ii8, .<.3.< 

Hit tiimiioiiB emulsions, 351, .<51, i.3H, .369 
Bitiiiiiihoiis enamels, 462. 476. .376 
Bituniinoiis cx|>niisioii joints, .1.8.3, .3611 
Bituminous lillers, 7, 382 
BituminoiiH fuels, 454 
Bituminous anivcl paiemcnts, 366 
Bitiiiiiinoiis japans, 462, 477, 576 
Bituminoiis iianitc, 264 
Biluiiiinoiis inacAdam. -991 

Bituminous inatcrmls, |>livsicitl charactenstics of 
Dri "phiHical cliurHctcnstii H " 

Bitiinniious matter 

diB<'«\ery of in N V State, 16 
discovery of in 1' S , 16 
extraction of. .3.37 
in roofinas. -364 
recovery of, 5.39 

separation from mineral aggregate, 557 
Biliiimnous mixtures, 338 
classes of, 348 
Bituminous paints, 462 
analysis of, 57ti 
resistance to moisliin-, .376 
weathering of, see "wcalhenng t«fU" 
Bituminous paving materials, 3.32 
Bituminous rubber substitutes. 451 
Bituminous saturating compoaitions for: 
elecincal instilatiag ta|M', 439 
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nitumiriouH flaturatinn compositions Un -Coni’il- 
flooririK fabrics, 420 
insulating and shcatiung papers, 4H7 
prcpar«<l roofings, 3i>b 
waterproofing iiiemliruni'S, 12!) 

Itituniinoiis siihBtr.iii’cs 
blending of, 33H, 34S 
cheniii-al composition iif, 42 
chcniistry of, 28 
i-lasBification of, 12, 11), 2li 
coiisisleni'y of, 338 
'' 'iiiition’of, 21 
etmilsification of, 351, 354 , 458 
fluxing of, 330, 310, 318 
fusibility of, 339, 340, 482 
hardening of, 343 
hardness of,.33i), 340 
heating of. 340 

improving amalgamation of, 344 
incrcasiiig tensile strength of, 345 
making more weatherproof, 3-15 
overheating of, 350 
preparing mixtures of, 338 
roduoiiig Biiseeptiliility of, 344 
rendering war-hke, 347 
softening of, 343 
terminology of, 10 
\olatility of, 330. 3-10 
weatherproof properties of, 339, 340 
Bituminous siirfacings, 357, 358 
Hituminoiis varnislies. 402, 474, 570 
Htack grease, 320 
lllaek oil, 208 

Hlust'furnuoe coni tar, 27, 100, 23S, 212, 213, 
482 

Blast-furnace coabtar pitch, 27, 252, 482 
Blau gas, 201 

Bleiulmg, methods of, 33S, 318 
Blistering, 58(1 

Blocks, aspliult, »fe ‘'as,)hiilt block pa\eiiioiits'' 
Blower wax, 77 

Blowing. clTocts of, on asphalt, 2')0 
Blown asphalt, str ''blown petroleum aspiiall" 
Blown coal-tar pilches. 255 
Blown Oklalioiim asphalts, 100 
Blown |»etroloiiiii as|>hnll, 17. 18, 209, 287 
carelcsslv prepnrod. 291 
clasBifii’ation <>f, 27 
composition of, 13, 289 
from asphlatic pclrolcnm, 204 
from riiixe<l*hasc petroleum. 291 
from noii-Hsphaltie petroleum, 204 
properties of. 292, 311. 482 
relation between fusiiig-pouit ninl hnrdnesB, 293 
relation between fiising-point aiul b|) gr , 293 
weather-resistance of, 201. iWl 
Blue-gas, 257 
Boghead oaiinel coal, 100 
Boilcil tar, 188 
Bomliiccite, 50 
Bone charcoal, 337 
Bone fat. 319. .320. 327 
Bone-fat pitch, 317. 328. 332, 335 
Bone grease, refining of. 327 
Bone oil, 3;i7 

Bone tar. 27. 100. 317. .330. 337. 482 
Bone-tar pitch. 27. 317, 330. 337, 341, 482 
Bottom peat, 197 
Boussingault on asphalts, 15 
Braucliite, 59 


Brazil, iiyrobitiimmous aliaies in, see "pyrobitu« 
iiunoiis shales" 

Breaking weight, 390 

Brightening of petroleum produets, 278 

Bri<iuette binders, 4'i4 

Bri<iuetting, use of eoabtur piteb for. 251 

Browneoal, see "lignite" 

Burgundy pitch, 190 

Burlap, 390. 500 

Burning oil, 207 

Burning point, 481, 520 

Bursting strength, see “ Mullen strength" 

But>rellite, 59 

Bjerhte, 18. 287, 289 

C 

Calile pitch, 80 

Califormu, asphalt in, ere "asphalt” 

('alifoi ina rcsuliial asphalt, see "residual asphalt" 
C'anada: 

albertitc in, see " albertite" 
asphalt III, ste "asphalt " 

p.vrobitiiminous sitales in, see "py.obituiniDOUB 
slialejii" 

('anadol, 207, 404 
Candle pitcli, 317 
Candle stock, 318 
('amlle tar, 'A\7 
C'aiiiiel coal, OU, 100, 109, 225 
Cannet roui shales, 1.59, 100 
Canncloiil coal, 00 
CniHlIarily. 51 
I Carbones, 342, 18], 520 
' Carliolie oil, 248 
' Cnilmn, 28. 45, 4X1, .5.30 
Curboii (liHuIphiih-, 4(>0 

non-inineral matter insolnlile in, see "non- 
mineral matter" 
siiliilnlity in. su "solulnlity ” 

Cnrliomzation of Intuininoussiibstaiices, 3.50, 575 

Carlton oil, 207 

CarlxuiH- 

for nrmaturi'S, sei “ nrmal lire carlions ” 
forbattenes. "battery I'urbons" 
for eioi tm -iiglits,'«« "electric-light < urlioiis" 
Carbon tetra<-hlori<lo, KiO, 527 
Carbureting oil. 2.''hS 

Carca&'-remleriiig grease, refilling of, 327 
Carpet e<iut, 3.57 
Carpeting nioclutin, 209 
Cenient 

usplialtie, .■o< "aspbaUic eeinent” 
bituminous, " lutiiminoiis eomeiit" 

Cement waterproofing coinpoumls, 434.4^7 
Centrifugal deflector, 17S 
Centrifugal method 
for delivdrafing. 182 
for separating bituminous matter, 558 
Centrifugal scrubbers, 177 
Kcld Iviw*. 177 
Heading type. 177 
Thiesen type, 177 
Ceresme, 2(>. 75 
('heckitig, .578 
Cheese pitch, 115 
Chemical teste. 481, 529 
('Iiiiia*wood oil. 40-3. 47-5, 478, .“iSl 
Chloroform. 400 
Cholesterol, 331, .549. .551 
('hulcsterol pitch, 317, 329 
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Ciassifii'ation of: 
asphalt. 14 

hitiiitiitioiis aubHtanrca, 12, 10. 26 
Clay, oolloulal, gee ‘Volloidal i lny" 

“Clay pigeons, "coal-tar pitch uscil for, see "coal- 
tar pitch" 

Cleaning oil, 211, 213, 267 
Cleats, rixifing, see "roofing cleats" 

Clevelaml open tester, see "flash-point" 

Close binder, 3<i8 
Coal 

Albert, see "Albert coal" 
anthracite. si< "anthraute coal” 
asphaltic. ,sfe "asphaltic coal” 
bitiiinmous, stc "Intuiiiinous coal" 
cuniiel. SCI "lanncl cvial" 
caiineloid, *«< "uimielind coal" 
coking, s«« ‘‘coking coal” 
gas. we “gas coal" 
gcologv of, 46 
glance, s< < "ghuicc i oal" 
parrot, see ‘‘parrot iviiil” 
pit<-h. see ■•pilcli coal” 

Bubcannel. s*f "Kiibcaniu-I •oal” 

Coal gas. 14, 31, 227 

Coal oil. 267 

Coal shales, 26, .'>S, |V» 

Coal tar. 22.'i 

blast-riirnace, w# "hlnst-fnrnHi e cmltiir” 
rokcwneii, ”cokc-o\cn mtil tiir ' 
coinpoBiton of, 3{, 3s, Id. 11, 227. 21.'., 24t) 
(leli\<lrutii>ii of. 2li) 

(li8<o\er\ of, 13 

liialillation <3. Jp; 

ilistillol v,< "iliHlilli-d .it t,ir" 

(bstiiigiiiNliiim froni ml i-H" dn, 2n2 

for '•ntnraling piir|)Oi,i'H JM 
gas-Morks. 'fi ‘ <od t ir" 

OXl.llSlog of. 17 

oxi'liscd, W- ‘‘oMrluo'i lo.tl lai" 

proiinirr-giia, *«< "prodii*cr-gas ned f.u " 

prf).lo(tioii of. 11. 22-> 

proiluc ts tnnn. litblc fii> mg 2P> 

plrvjHTtlCH o1. 212, |S2 

ncogiiHi'iii of. 21*1 

refined. V,, • rcimed <o:il tar” 

relmiiig of, II, 21 "i 

sr |\ciiIh from, I*. Pi‘>. 166 

stills used for. 2t<> 

Coal-tar cr4‘*wotc, «<. "ireosoic" 

Coai-lar distillate-. ll>l 
Coal-tar nnphllia. eei ''naphlha " 

Coal-tar pitcli, 22o 

biast-fiirnaie. "biaMl-fnrnaie«onl-lar pili li" 
blown, f-e “blown (oal-tar pili h” 
characteristics of. 2.i3 
classifiiation of, 27 

coke-oxen, jn< "coke-oxen coal-tar pitch" 

cut-back, «'■ "cut-back coal-lar pitch" 

discovery of, 13 

for Imtterv-carlKins. 2ol 

for brujuetting. 2.‘)1 

for clay pigeons, 2-*>l 

for electne-Iight carbons, 2,‘)1 

for joint fillers, 2 .j1 

for plastic compositions, 251 

for sand cores. 251 

for wateniroofiiig, 251, 442 

gas-works, see "gas-norks coal-tar pitfh" 

Urd. 2)1 


I Coal-tar piich—Cew/iMMcrf; 

! modiiiin, 251 

producer-gaH, mi "producer-gaa cosl-tar pilch ” 
{ properiicB of. 252, 341, 4S2 
' soft. 251 

j siraight-run, me “Btruight-riin coal-tar pitch" 
water-resistame of. 25,'i, 426 
weather rt'sistnnce of, 255, .141 
Coal-tar saturated Ivll, 367, t26 
I Coal-tar sohente. 15, 165, 4t)6 
Coating coinpoBitions. 3ti2. 437 
Coatings, sie "bituniiiious • oHlings" 

('oefhcieiit ol expansion. 244. 256, 336. 4S8 
Coke, 2d6. 212, 2.12, 2n6. 276, 2f)2 
Cokii-oxcn coal tar. Ifgi. 225. 233 
classiluation of, 27 
ptodiii lion of. 23.1 
pro)>erln» of. 243, 244. 245, 4S2 
(’oke-o) cn coal-tar inlch 
I'tassificalioii of, 27 
properties of. 252. 4.H2 
Coke ox eiis 
b<*eliixe, 233 
l\(>j)pcre, 237 
t M lo-ll(iilIlian. 23.'| 

.''ciiicI-SoImu , 235 
I nite.|-l>1to. 23li 
('okex {iii< li, 115 
Coking cohI, Ml, 2'2b 

Colloidal . lax ,55. I l.f. ;{5|. 351, 37<l. 456 
Coloiiibm, glam c piti h in, m* "ginnee pitch" 
Color 

in iiiiiHs. ISI. 1X4 
ol roofing ,5Nd 
< obnado 

gilsoiiile, III, sri "gilHoiiilc" 
graliaiiiilc in ' grahannte" 
sliali- III, 111 "sbalc" 

CoinbiiHlioii partial, we "pailial ■ ooibiislioii" 

( oiiipley iiiixtiin-s. .{17 
CoiiipositioiiH or loinpoiiiids 

Hilbesixe. w» "rwlliesixc coinpi'MilionH" 
bill Ic'l \-box, " bill I CI V-box ‘olopound" 
biliiimnon-, 'w "l>Mntiiiiioii-'<t.iiipo-it hhih” 

< • III' nl-w Id rpr.N.luig, w. " <• mi j i-w.iiupuKif. 
ing conifHiijtids" 

cheiiinul. sti "cbi-niii'id <■||tl|p■,|||||,,|," 
coating." bit niiiiiKiiis I ont mg 1 oiiijii sit Ions" 
con-, sn " coft' coiniHniiiiis ” 
ele< Irn si. mi "elerdrn iil iiiHiilaliiig (oio|HiiinilB" 
insulnting, w» ‘•(■lei fro ali>isiihilMig«otn]ioiiiM|H‘' 
jniii tioii'liox. Ml " join tKin-box <-om|Mniiid ‘ 
moulding, sri " moulding coiiipoeitioiis" 
pilie-m-aliiig. »»• " piiie-seslirigeoiiiiNiunds" 
jsd-heail, uri '■ pot-head roiM]sinn<l ” 

Mtiuraliiig, Her "bitumiiiouB saturating com- 
positioiis” 

xucijuiii. nee "xacuniii-inipregHaling coin- 
isninds" 

waterpr'sifiiig, ««» " waterproofing rompoiiiMis" 
(*oiii|Kisitioii r'Hihiigs, «ee "roofiiiga" 

Comj»rcwii\e strongtli of l)ilimiiiiircd aggregates, 
551 

('oiiiprensor oil, 2t)8 

( omrc'le, bitninirious, sn "bitiiiriiiioiis concrete" 

( omlciised Hspbnll. mi "blown iietrolciim 
asphalt" 

4‘ondenscrs. 174 

air. "air <oiideiiM*rs" 
prmiarx, sn " primary comU-iisers" 
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CondenftfS— Continued: 

Becondiry, see "KoondBry coodenaerB*' 
water, tee “water condennem ” 

Condeneiog ayatem, 171 
Congo fopal, 452, 463 
CoQsieteocy teat, 461, 491 
Conaistancy tester, 492, 4U4 
Coiiaiatometer, 408 
Continuous dUtilUtion of: 
coal tar, 249 
fatty uods, 319 
lignite taf, 210 
petroleum, 273 
abate tar, 222 
Coorongite, 150 
Coorongitir abate, 164 , 221 
Core compounds, 454 

Cork, bituniiiiatcd, tee “bituminated cork 
mixtures'' 

Corn oil. 46.3, 478 
refining of. 327 
Corn>oil>fo(»ts pitch, 317, 332 
Corn-oil pitcb, 317, 327 
Cotton-oil pitch. 326 
Cotton piti-h, 317, 326 
Cotton-aeod foots, 326 
« Cotton-secd-foots pitch, 317, 332 
Cotton-ecoil oil, 463 
refining of, 325 

Cotton-aeoil-oil-foots pitch, 326 
Cotton-scc<l-oil pitch, 317, 326 
Cotton-sood etcann, 319 
Cotton-stearin pitch, 317, 326 
Course: 

base, nee “liaso course" 
bedding, tee ‘'|}eddiiig course" 
binder, tee “binder course” 
foundation, tee "foundation coursi*” 
interniorliato, tee "intcrinediutc course" 
surface, tec "surface course" 
wearing, tee "wearing course" 

Covering, bituininizod Hour, tci " bitiiiuiiiizvd 
floor covering" 

Crackod dislillafe, 282 
Cracking. 56. 165, 173, 272, 2H2 
Cracking 4iistillati(»n, 272.282 
Cream-scpivralor oil, 268 
Creosote or <Teosote oil 
from coal tar. 248. 379, 430 
from lignite tar, 2^, 212, 214 
from [leat tar. 2(Xl, 261 
from wooii tar. 189, 465 
Creosote priservatuis, 10, 379 
Crude scale wax, 308 
Crude wax, 308,• 

Cuba: 

asphalts in, arc "asphalt" 
discovery of asphalt in, 12 
grahamite in, tee "grahamite" 

Cube method for fueing-puint, tee "fusiiig-point" 

Cushion. 373, :t86 

Cushion layer, 380 

Cut-baok asphalt. 277, 358 

Cut-back eoai-tar pitch, 251, 358 

Cyello hydrocarbons, tee "hydrocarbons" 

Cyclo-olefines. 37 

Cyclo-psrafBnes. 34 

Cylinder oil, 268. 278 

Cylinder stock, 278, 280 

Cymogene, 267,464 


I ® 

/ Damar, 452, 463 
/ £)amp-proofifl^ methods, 434 
I Da/np-proofi/i; paint, 434, 469 
Dead oil, 248 
Dead 8ca: 

asphalt in, see "asphalt" 
glance pitch in, see "glance pitch'* 
Definition of; 
asphalt, see "asphalt” 
aspbaltite, see "asphaltite” 
bitumen, see "bitumen" 
bituminous, see "bituminous” 
pitch, see "pitch” 
pyrubituiiien, tee "pyrobittimen” 
pyrogenoiis, see "pyrogenous” 
tar, see "tar” 
wax, tee "wax” 

Deflectors, 174, 178 
Degras, tee "wool degras” 

Degras oil, 329 
Degras stearin, 329 
Dehydratnm of: 
asphalts, 68 
petroleum, 269 
tars, 180 

Density, tee "specific gra\ity'' 
Depolymerualion, 56, 58, 313, 475; 
of alliertife. tee "albcrlite" 
of elatorite, tee “elaterite" 
of wnrtr.ihle. tee "wiirtzilite" 


Deposits of asphalt, tee "asphalt” 

Deposit: 

primary, see "priniarv deposit” 
secondary, tee "swomlary deposit” 
Destructive distillation, 165, 167 
Diacetylenos, 34 
Diazo reaction, 481, 519 
Diincthyi sulphate test, -VIH 
Dinite, 59 

Diodorus Siculus on usphull, 11 
Diolefines, 33 
Dioscorides on asphalt, 11 
Difipcl oil, 337 
Disintegrator, 178 
Distillate oil, 379 
Distillutcs. 

coal-tar, see "coal-tar distillates" 
petroleum, see " iietrolcuin iliatillates” 
pvrogenous, tte "pyrogenous distillates” 
Distillation. 

continuous, t'^c "continuous distillation” 

destructive, tee "destructive distillation'’ 

dry, tie “ destructive dn'tillation ” 

of coal tar, 246 

of hardwood, 185 

of lignite tar, 210 

of ozokerite, 75 

of peat. 200 

of petroleum. 270, 

of rosin, 193 

of shale tar, 222 

of soft wood, 180 

of wood, 184 

fractional, see “fractional distillation" 
intermittent, see “intermittent distillation” 
steam, see "steam distillation" 
vacuum, see "vacuum distillation” 
Distillation olein, 321 
Distillation steann, 32! 
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Distillation tnt, 421, 520: 
flask method, 520 
retort method, 522 
Distilled coal tar, 251 
DiatiUed-Kreaae olein, 320 
Distortion under beat, 444, 555 
Dopplerite. 50 

Dow ductility test, see "ductility teat" 

Dried pamt Aims 
aiialysie of, 573 
Dr>erB, 463, 475 
Duhb's asphalt, 269, 294 
Duck, 390. 569 
Ductility test, 461, 502, 

Durability of. 

Iiainte, 582 
roofinics, 408, 581 
Dust, tee "fillers" 

Dust catcliers. 238 
Dustintt. 578 

Dust-layincc oils, 268, 353 
Dust palliatues, 353 
Dust preventatives, 353 
Duxitc, 59 
Dynamo oil, 268 
Dysodile, 59 

E 

Earth, fullers', see "fiillcrs' earth" 

Earth aax. mt "iiiintTuI hux" 

Earthy peal, 198 

Eastern .'Liberia, asphalts in, "asphalts" 
Ebaiui, 2H9 

Egypt. Klaiice pitrh in, "Klaiit-e pitch" 
Egyptians, use of as])liult b\, 5 
"ElastK- bitunicii," 13 
Elatcnle. 119. 150. 4S2 
classihcatioii of, 26 
(lepoly merizalion ot, 56 
dl8C()^crv i)f. 13 

distuiKUishiiiK cliaracteristics of. 149. 482 
metamorphosis of, 50 
Elatenic in 

Asiatic UusBiB. ir>0 
Australia, 150 
England. 1-50 

Elcctmal insulating ronipoumls, 447, 448 
Electrical insulating japans, <•<> "japans" 
Electrical insulating tape, 439, 560 
Electrical insulation 

liituiniiiiZMi papers for. 438 
nionlan nai for, «<> "inontan «at" 

Electrical method for dehydrating petroleum, ue 
"l>efroleum” 

Electrual preeipilators, 171, 180 
Eleolric-light carbons, 451 
Elements in bituminous sul staiiees. 42 
Elliot eIo8e<l tester, see "flash iHiiiif 
Rlutriation test. 363, 541 
Emulsifleation, 351. .354, 459 
Emulsions, »fr "bituminous emulsions" 

Enamels, bituminous, trt- "bitununoiis eian.els" 
Engine distillate, 267 
Engine nil, 268 
England 

elaterite in. lee "elaterite" 
hatchettite in, ttt "batebettite" 
pyrobituminoua shales in, ttt "pyrobitumioous 
shales" 


I Kngler \ iscosity. 491 
I Enriching oil, 2-'>8 
Esterfleahon, 545 
Ester \alue. 544 
Kuosniite, 59 

Europe, asphalts in, see "asphalt" 
l'.\aporation of liitummous materials, 575 
Exauimalion of. «cc "analysis of”, 
aggregates, »tr "aggregates" 
broken slug, sre "slag” 
broken stone, ttt- "siune” 
filler. ACC "filler" • 

sami, Kit "sand" 

Expansion, eoeflicient of. 244. 259, 336. 488 
Expansion joints, see "bituminous eipansioc 
joints" 

}^x|iortoil,28| 

Exposure test, 345, 577, ,582 
I'xtraction with solvents, of 
('uhfornia suiid asphalt, 73 
I'xtraction with water of 
Alliorts asjihaltic sand, 71, 72 
Alsace-Eorraiiie ns|>haltir limestone, 72 
Huateiines asphultn- limestone, 72 
.Mexioan asphaltic sand, 71 
< tkluhoiiiH Hsphallic sand. 71. 72. 99 
ozokerite, 72, 75 

San talentino asiihallic limcstoiie, 72 
.'■ieysscl asphaltic limestone, 72 
rutaros usphallic iiini‘stone, 72, 121 
Texas asphaltic biiK'Stune. 72 
I'xtractors, 72. 178. 18U 


F 

I abrics 

iirioored, tie "arniored bituininised fabrics* 
asbeslos. Kir "anbestos felts" 
bitiiminueil, mi "bitumiiiized fabrics" 
felted, */» "felted fabrics" 
flooring, tri "flooring fabrics" 
insulating. Kfi "insulaliiig latincs" 
roi>fiiig. mr "roofing fabiics" 
sheuihuig, trr "shcalliing falirus" 
watcri>roofmg, tri "walerproofing fabrics” 
woven, mr "woven fabrics" 
i asloiiing devices for roofings, 415 
I at 

uhimnl, Kff "animal fat" 
bone, mi "lH>ne fat ” 
neutral, mr "neutral fat" 

I at pitch, 317 
Eats anil rals 
hvilrolyzitig of. 318 
refining <>f. 317 

Fatly-acid j,itih. 317. 320. 341,482- 
behavior on heating, 332 
rhuracteristus of. 333 
elaiwifirstion of. 27 
c<ieffi<ient of expansion, 3.36 
distinguishing from asphalts, 336 
(or baking japans, 332, 477. 478 
for varnishes. 333 
(roll) Ixme-fat, .332, 335 
from cotton*seed*oil foots, 332, 335 
from corn>oil foots, 332, 335 
from garbage, 332, 335 
from lard, 332, 334 
from psckiDg'bouse refuse, 332, 335 
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FalfyI'i** 

from (lalni ui), •{•{2, 
from tullow, .H.'12. 
from HOM'UKa, •{•<•'• 

frtmi wool-nruuHC, :<32. If.'f.'i 
pr<i|]<'rtir« of, iW:} 

wfalliur'rcaiatatH'e 'if. ;W2, 330, .341 
Fatty acwla. 41, Ma, r)44. 572: 
iliatiltalion of, 3)11 

Ffltl avstcm of cooling, 240 ' 

uiiatyaia of, .503 I 

Felt- 

aabcstoa, nee “aaljtstos felt” I 

aephalt-Batiiratcd, .ic# ■'aaplialt-satiiratcil felt” | 

coat'tar*8aturated, .w " coal-tar-sutnrateil felt ” | 

mteroacopic cxaniiimtioaof, 5t)3 

rag. are- "rag felt” 

rooliiig, nee " roofing felt ” 

elatera’, *c« “Blutera' felt” 

tarred. ‘‘tarred felt” 

Felled fabric, 380 
Fdire stfsH, .554 
Filires III fell: 508 
Filiroiis mutter, 4.52, 504 
Fibroiiapeiit, lOK 
I'liirotiBwux, 70 
Fiihlelite,.5!). 

FillerB.340. 303. 402. 452. 40.3,539: 
aa|i|iultii-, KCf " aapliullic fillera ” 
bitiinnnuim. lo-r" bitunihioiia fillera” 
examination of, .541, .571 
incorporation of. 3.50 
joint, nee "joint fdlera” 
niiner&I, art’" mineral fillera" 

IHteli, "n- ” pitch fillcrsi' 

FiltprB.174.180 
Fish oil, 403, 47K 
Fixed carbon. 481, .520 
Flnab-poiiit.404, 481..517- 
rievelaml open (cater. .519 
Klliot clt»eiMe8ler,.519 
N Y Slate closed tenter, .519 
I’enBky-MarteiiH etoBe<l tceler, .517 
Husk method of diBtillnlioii, mc ‘‘dmldtatioii 
test” 

FIhmos .loBeplitiH, on asphalt. 11 
Float tcBt, 493 

Flooring fal'fies, I'cc ''bilnnunucd floor co\er- 
ingB” 420- 
testiiig of. 500 
Floor oil. 208 

Floora, asphalt mostie, Ktr "asplmll maetie” 
Flotation oils, 189, 4.5.'» 

Flotation process, 4.5,5 
Finning temperature. 441, 510<i 
Flow point mr '‘flowing leniperatiire" 

Flux, 208, 2.8.5. 343 
J'lttBborgh. ucc ‘•PittBliorgh flux” 

Ventura, sec “Ventura Hnx" 

Fluxing. 339. 343 

Fluxing oil. 274 

Flux oil, 208, 282 

Foot paths, fff “asphalt moslie” 

Foot pavements,«« “asphalt mastic" 

Foots oil. 278. 279. 308 
Forrest’s hot extraction method, ,5.57 
Fessd resins, .50, 403, 475,5.51,572 
Foundation course of: 
asphalt block pavements, 373 
bituminous concrete, 363 


Foundation course o{-~Cnnltnued: 
bituminous macadaiii, 300 
sheet asphalt pavements. 367 
wood'block pavements, 378 
Fraetional rooling. sec “F'eld eystem" 

Fractional distillation, 270 

F'racture, 481, 485 

F'lAiice, asphalts in, see “aspliall" 

F ree acide, .543 

Free carbon, .342, 481. .5.‘14, .57.5 

Free mineral matter, aee “mineral matter" 

Fuel lignite, 204 

Fuel 011,207.277, 278. 270. 280. 281. 283, 454, 4M 
Fuel ratio, 00 

F'uels, liittmiinous, see “ bituminous fuels” 

Fullers'earth, 278. 281. 308. 303 
F'ullers' grease, 329 
F'lillers'-grease pitch, 317,329 
F'iming>poiiit,4Kl,51<) 
ball and rmg method, .513 
cube method, .51.5 
Kramer-Sarnow method, 510 

G 

(iul^'iu, orokeritc in, s/f “ozokerite" 

(iurbage grease, retiiung of, 328 
(liiil.age pitch, 317, 328, 332. .33.5 
(•as 

ItUu, Mfi' “ Blau giis’’ 
coal, .vf “coul gas" 
dlumiiiating, »<<• “ilhimmating gas” 
ii arsh. .-or " niursh ims” 

1 utiiiul, w “natural gas" 
oil, ^(c “oil gas" 
oibnaler. m “oil-wuler gas" 

I’mlscli, Hir ‘'Bintsch gas" 
watir, .vcf “water gas" 

(Jus coal. 220 
(•iiH'Ciiginc oil, 208 
(ois ti'iuor, 232 

Gasoil, 17.V. 211. 213, 223. 2.57, 2.58, 267, 277 
278, 2J'l. 28(1. 281,283. 404 
Gasoline, 2t)7. 277, 27s, 279. 2KI>, 281, 283, 404 
G,i> pH's'iiic, ,51 

Giis-woikscoul tar. !0(., 2-27, 242.482 
I lassihcalioti of, 27 
coclhciciit of evpaiisioii of, 244 
coinposUioii of, 211, 215, 253 
disldhiti<>no).240 
Iroiii hori/ontui iclotts. 242 
from UK lined retorts, 212 
from V ertieal retorts, 242 
properties of, 243, 482 
rec<»ver>' of. 230 
refining of. 245 
separation of, 230 
.Mold of, 231 

Gas-works coal-tnr pilch, 482* 
cfiaiJU'tensticB of, 253 
cInsBificstioii of, 27 
properties of. 252, 482 
Cas-workB retort, 227: 
continuously operating, 229 
horitnntal. 227, 220 
iiiolmed, 227, 229 
vertical, 227. 229 
(ieologiral formations, 46 

I Geology of- 

asphaltites, sec “osphaUitea” 
asphalts, see “asphalts” 
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Geology of—Con/muw/' 
bitumens, tef “bitumens" 
coals, see “coals" 

mineral waxes, see “mineral waxes" 
non<asphaltic pyrobitumens, see “non^asphal- 
tic pyrobitumens” 
petroleum, see “petroleum" 
pyrobitumens. see “ pyrolutumens" 
Geomyricite, 50 
Germatiy: 

asphalts in, see “ asphalt" 
pyrobitumiiioiis shales in, see “p>robilujniiimi8 
shales" 

Gilsoiiite, 127, 482; 
charactenstH-sof, 128 
classitiration »f, 20 
discovery of. 17 
“firsts,” 120 

for maniifactiirinK paints, 120, 471, 47K 
ininuiK nieUiodti. 1:13 
iiiixlurcs Hith linseed oil. 471 
mixtures with residual oil, 120 
production in 1' S , 04 
“seconds," 120 
“selects,” 120 
Gilsoniiein 
(’olorndo, 127 
I’luted ,‘'tales, 130 
null, 0(5. 127, 130 
Glance coal, iiO 
Glance pitch, 133, 482. 
rlianictenslics of, 127, 133 
classiticatioii of, 20 
for inannfuctnrinit variuslics, 1.35 
Glance julch in 
Barbados. 1.14 
(’olombia, I3.'i 
Dead Sea. 135 
Mexico, 134 
South .America, 135 
.^vrm, 135 
West Indici. 1.34 
Glvcennc, si< "glvct-rol" 

Glyci-rol, m, 543, 640 
Goiidron, 317 
Urabumite, 130, 482: 
characteristics of, 127, 130 
elassiticutioii of, 20 
iliscovery of, 1ft 
distillation of. 221 
fluxing of. ,340 

mixtures with resiilual nil, 141, 147 
production in I* S , 04 
Grahamitc in; 

Colorado, 143 
Cuba, 144 
Mexico, 144 
Oklahoma. 140 
Texas, 130 
Trinidad, 140 
United States, 137 
West Virginia, 1,37 

Granularmetric analysis, see “mineral matter" 
Gravitation, 51 

Gravity, see “apeeific gravity” 

Grease; 

bone, set "bone grease" 
carcass-rendering, see "carcass-rendering 
grease" 


G rcsMc— C onli n ued ■ 
garbage. "garbage grease" 
psckiiig-hoiise, *)e "packiiig-hoiise grease” 
refuse, see “refuse grease” 
sewage, ste "sewage grease" 
wool, see “wool grt'ase" 
yellow, set “jellow grease” 

Greece, asphalt in, see “asphalt" 

“Greek fire," 10 
Green oii, 222 


Hair cracks. 5,80 
Hannibal on asphalt, 10 

Hardening, 8|>oiitane<>iis, .nr "sixuitaiieoiis lianl- 
ening” 

Hardness scale. 405 
Hardiiiws test. 481. 404 
Hard wax. 7ft 

Hardwood, distdiHlion of, stt "dulillatioii" 
Hardwood tar. 101, 1^2 

clmnii leristics of. 101 
cliiHsilicalion of, 27 
llardwood-iiir pitih, 102, 482 
chur.ictoristics of, 102 
4 iiiKsihcalioii of, 27 
llartinc. .'iU 
linrlilc. 50 
Haru-ster oil, 2ft8 
liati-hcKine, so “Imtchottlte" 

Hall liellite, 15. 78 
liuti'iicttiie in 
linglaml, 70 
Scotland, 70 
Hcaii-bglit oil, 207 
Hmii, .ffcct of. .52. .58 
liciihng III tlaiiic. behavior on, .'iW 
Heut test'. 481. .500, ,'.5.5 
of bituii'iiiiied fabrii'H, .5ii;{ 

Hi'av> aicto/ie oils, |80. 4n5 
Hcu\ V oils 

fr<itii loal-tar, taldc facn.g 245 
troll, woml, l.ss 
lIcrodotiiH on iihjdmll, 8 
Ihglici alioholn, .543, .540 
Hill peal, 107 
Ui|>po4TuteH <111 aaphult. 10 
Historn al reMcw, 1 
Hofiiiaiiiiilc, .511 
liuinogciicity test. |8|, 484 
lloii/onlul retort. 171, 227 
Hiibliard lonaisteiu v tester, 402 
Hublmrd pycnoincter method, 480 
Hnrillc srrnhlicrs. 175 
Hutchison tar tester. 402 
Hydraulic mam. 174, 230, 231, 2ft0 
Hydrocarbons, 28, .'■>43. .548 
ai-et> Icne series. 33 
aliphatic, see “open chain" 
aromatic, see "cyclic” 
liensenes, 38 
cyclic. 30. 34 
cychwilefines, 37 
diacctylene senes, 34 
diolefinc scries, 33 
naphthene scries, 34 
olefine series. 32 
olefine-acetylene series, 33 
open chain, 20. 30 
paraffine series, 30 
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Hydrocarbons—Con/tnu^rf* 
polycyclic polymethylenei, 37 
polycyclic polynaphthenet, 38 
ring, 30, 34 
terpeoes, 37 

Hydrogen, 28, 45. 481. 530 
Hydroieno, 280 

Hydrolysis of oils and fata by: 
ferments, 324 
mixed process, 322 
sulpho-comiKtunds, 322 
sulphurit acid, 321 
Twitchell’s process, 323 
water. 318 

Hydrolysing fata and oils, 318 
Hydrometer method, 480 
Hydrostatic pressure, 51, 431 

I 

Ice>machine oil, 208 
Ichtbyol, 121 

Identification of, see “analysis of’’ 

Illuminating gas- 
discovery of, 13 
enriching of, 231, 258 
manufacture of, 227, 254 
yield of. 232. 258 
Illuminating oil; 
from lignite tar, 213 
from petroleum, see “kerosene” 
from shale tar, 223 
Immersion test, see “absorption test” 

Impact test, 555 

Imports of asphalts into U. H., see “asphalts” 
Impregnating compounds, see “ bituminous 
saturating compounds” 

Impsonite, 14^, 150, 482: 
oharacteristioB of. 140, 156 
classification of, 20 
metamorphosis of, 56 
Impsonite in; 

Arkansas, 157 
Nevada, 157 
Oklahoma, 157 
United ‘States, 167 
Inclined retort, 171, 227 
Indiana asphalts in, see “asphalts” 

Individual shingles, see “shingles” 

Inorgsnio theories, see “theories” 

Insulating: 

compounds, see “electrical insulating com* 
pounds” 
fabrics. 380. 560 
japans, see "japans" 
papers. 433. 438. 5tlO 
tape, see “electrical insulating tape" 
Insulation; 

cold, sre “Insulating papers” 
eold*storage. see “insulating papers” 
electrical, see “cle<'trics1 insulating com* 
pounds” 

heat, set “Insulating papers” 

Integral waterproofing: 
compounds, 457 
method, 434, 457 
Intermediate oouree, 368 
Intermediate oil, 233, 267 
Intermittent diitillation processes, 210, 222, 247, 
270,819 


Ionite, 59 
Iron pitch, 115 

Italy, asphalt in, see “asphalt” 

J 

Japan, asphalts in, see “asphalt” 

Japans, see “bituminous japans” 

Jelly, petroleum, see “petroleum jelly” 

Jet. 60 

Joadja shale, 164 
Joint filler, 382 

Joints, see “bituminous expansion joint*”: 

preformed, see "preformed joints” 
Junction-box compound, 450 

K 

Kabaite, 79 

Kapak.313 

Kauniazite. 203 

Kauri gum, 452, 483, 573 

Kauri varnish, 573 

Kentucky, asphalts in, see "asphalt” 

Kerosene, 267, 277, 278. 279, 280, 281, 282, 283, 
303, 464. 466 
Kerosene shales, 164 
Kettles, see “melting tanks" 

Kettle, varnisli, see “varnish kettle” 

Killed foots, 326 
Kimmeridge shales, 103, 221 
Kindebal. 77 

Kirschbraun adhesive test, see “adhesive test” 
Koflachite, 59 
Kontakt, 323 
Korite, 289 

Kramer-Ssrnow method for fusing-point, see 
“fusing-point” 

L 

baDrea asphalt, 80 
Lactones, 330, 331. 543 
Lactone value, 543 
Lake Asplmltiics, 11,12 
Lakes, 48 

I.ake, Trinidad, see “Trinidad Lake asphalt” 
Laminated roofings, see "roofings laminated” 
Lamp oil, 267 

Land asphalt, see “Trinidad land asphait” 

Lard oil, 46^1 

Laying roofings, sec “roofings” 
l,aying shingles, see "shingles” 

Lep, 77 

Leather, bituminated, see “bituminatod leather 
mixtures” 

Leucopetrin, 59 
Ivcucopotrite, 59 
Libollite, 156 

Libermann-Storch reaction, 481,551 
Light acetone oils, 189. 465 
Light oil: 

from coal tar. table facing 245, 246, 248 
from wood, 188 
Light petroleum. 267 
Lignite. 59, 61. 204; 
bituminous, see “bituminous lignite” 
briquetting of, 205, 209 
classification of, 26 
distillation of, 211 
fuel, «<« “fuel lignite” 
metemorphosia of, 58 59 



SUBJECT INDEX 


699 


DOU'bituminout. tte " oo&>bitumiooufl lifiute" 
propertiM of, 482 
rotort. i« “retort liRiute" 
volfttUe matter in. 188 
Lifnite tliaJes. 58, 159 
lignite tar, 186. 203. 
claaaificat)<)n.of, 27 
compoeition of, 41 
diaeovery of, 14 
propertiea uf, 2U9. 482 
refining of. 210 
Iiffnite>tar piteh, 203, 341: 
ebararu*ri8(iC'8 of. 214, 550 , 

claMilication of, 27 
propertiea of, 215, 482 
weatbcr-rcsistaiice of, .341 
Lignitic ehalca, 20, 159, 161, 164 
Ligroin, 267 

Limeatone, aephaitio, itf "ati|)lialtir liincetu..i>” 
Limmer asphalt, 13, 119 
LinaecNl, oil, 463, 471. 47.5, I7K 
Liquid paraffine, 269 

Livingaton prorcaa fur refining {lotruk-uin, 274 

Lobaann aapbait. 118 

Lothian abalo, 163, 221 

Louiaiana, asphalt in, ace “asphalt'’ 

Lnbrirating oil: 
from ligmte-tar, 211 
from peaMar. ‘201 

from petroleum. 268, 277, 278, 270, 280, 281, 
283,303 

from ebale tar, 223 
Luatre, 481, 485 

M 

Macadam, srr “bituminoiia macadam” 

Machine oil. 268 

Magma ml, 329 

Maltha, 25 

Maithencs, 527 

Manila copal, 452, 463 

Maojak, 63. 134. 146 

Manufactured pMducts. testing of, 552 

Maracaibo asphalt, 89 

Marble wax, 76 

Marco Polo on asphalt, 12 

Marcus Vitruvius on aapbait, 11 

Marsh gas, 31. 63 

Masonry painta, 469 

Mastic, asphalt, ik “asphalt muati'-" 

Matka. 77 

Mechanical analysis of aggregate*. ««■ “nunctui 
aggregate" 

Mechanical scrubbers. 174,177 
Meiauchyme, 50 
MelUte, 59 

Melting, behavior on, 509 
Melting point, 510 
««e also “fuaing-point” 

MeUing tanks, 69 

Membrane waterproofing. 428.434, 560 
Meaopotamia, asphalts in, »ft “asphalt" 
Metamorphosis of. 

anthracite coal, see “anthracite coal" 

Wpbalt, $t« “asphalt" 

asphaltic pyrobitumen, »ee “asphaltic pyro- 
bitumen" 

asphalticpyrobituminoiiB shales, see “asphaltic 
pyrobitumiaous shales" 


Metamorphoais of—TonltnifAf.' 
aapfaaltitm, »*e “asphallitee" 
bitummoiiicoal.scc “hiiuminouscoal'' 

. bitumens,»ri>“bi(umrns“ 

, coalshaics, xir “niaishales" 
elafenlc. «c“ela(erite" 
uniisunite. “iii>|>s)>nitc" 
lignitc,iirr"|ignite" 
lignite shales, xcr" lignite shales" 
mineral waxes, «(c “mineral waxes” 
pent, j'<'e“pcal" 

osokerite, *<«• “oa(*ke,rite'' • 

wurtiilite, Kcr “ wurttiiite" * 

MctluKlsof exannnalmti, «r<'“anal)sia'' 

Mexico 

asphalt in. «cr “ssplinll" 
glance pitch in, sec "glance pitch'' 
grahamilc in, ire “grahainitn'' 

Micrusciipic cxHiniiiation of 
bitiiimnous aut>stanci-s, 484 
fil)r«*8. -KiH 
iiiiiierHl matter, ,5^19 
MuMIc ml, (able facing 24.5, 246, 248 
Mi<ii1[c(«imtc. .59 
Mnbllings, 267 

Mill, paint. («c “jiamt gnndiug mill'' 

Mineral aggregate 

iiituimnucd, »<r “hituinimtcil mineral aggre* a 
gate" 

exnmiiiatioi) of, ,539, .5.59 
grannlarmetric anal>Bts of, .'hid, .^19 
of asphalt mastic, 377 
of lutiiiiiiiuiiis (oiicrete pavements, 362 
of hitiiiiimoim mncHilaiii, 360 
ot bituimiums Hiirfaciiigs, 3.58 
of sheet asphalt pavements, .3('i9 
separation from lutumuiuits matter, 557 
Nfineral colza oil, 268 
Mineral fillers, ;M6. :t93. 436, 539 
Mineral iiiatler, 4Hl, .538: 
admixeil, 39.3, .567 
chenucnl iinalyaia of, 5'39 
Combined with non*niineral I'oimtitnenla, 539 
gramilnrmetnr analysis of, r>.{9, .V5q 
microscopic uuiiiiiiiatmn of. 5.{9 
separation from bitumiiions matter, 557 
B|X‘cihe gravity of. "ir “siK'citic gravity” 
Biirfaciiigs of, «<c “surfucings" 
uneotnbineii, .5.19 
Mineral oil, on ‘'petroleum" 

Mineral seal oil, 2t'>H 

Mineral s}ierm oil, 268 

Mineral surfucings, "surfa< ing«” 

Mineral w-axen, 74, .'tO?, 340, 482: 
ix'liavior on heating, 58 
rlaasifimtion of, 26 
comisisition of, 32 
defiiiilioii of, 23 
gi'ology of, 46 

metamorphosis of, 55, 56, 57 
properties of, 22 
solubility of, 467 

Missouri, asphalts in, see "asphalU” 

Mixed-base petroleum, «r< "petroleum” 

Mixers, 350. 372 

Mixtures of bituminous sulitianees; 
binary, ste “binary mixtures" 
complex, »ft “complex mixtures” 
tertiary, see "tertiary mixturea” 

Mob's budness seals, i95 
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Moiatuw, «fe "water" 

Afoi»ture, effect on; 
bitiimmjzed fabrire. 4.38.' 503 
bituminized mineral aggregates, 552 
bituminized substancea, 570 
Montan wax, 79. 101, 205, 207 
claaeification of, 20 
for electrical inaulation, 81 
in Haxony, 80 
properties of, 340, 482 
weather-resistance of, 340 
Moulding ciAnpositions, 452 
Miickite, 50 
Mullen strength of: 
burlap nr duck, 569 
felt, 390. 569 
paper, 436, 438 

Multiple shingle strip, ace “shingle strip" 
Mummies, 5, 11, 12 

N 

Naphtha fnim; 

coal tar, table facing 246, 24H, 165, 466 
lignite tar, 211, 213 
peat tar, 201 

petroleum, 267,277. 270.280. 28 1,282.303, M) 1 
shaletar, 222,223, 

Naphtha, soltiliilily in 88* petroleum, o-«' “solu¬ 
bility” 

Naphtha, solvent, vtc “soli on I miphtliii'' 
Naphtha, V. M irP,.sr/ '’V M iV I* naiihtlia'' 
Naphthalene. 10, 161), 227. 231. 215, 248. 481, 535 
Naphthenes, 31 
Native asphalts’ 
behavior on heating, 58 
classification of. 26 
composition of, 43 

distingiiislimg from residual aaphaits, 208, 515 
impure, 02 

metamorpliosiB of, 55, 57 
priKluetion m U S , IH 
properties oi, 340, 482 
pure, 82 

weather-resistanen of, 340 
Native mineral waxes, nrr "mineral waxes” 
Natural asphalts, nei “iiatnc usplmtts” 

Natural gas, 25, 31 
Nehuehadnez^ar on asphalt, 7 
Needle penetrometer, "penetrometer” 
Neft-gil, 59 

Nciiehatel asphalt, 13, 14, 118 
Neudorfite, 50 
Natural fats, 541 
Neutral oil. 268 

Neiada, imiisoiiite in mr ''impsomlc” 

New York, discfivery of lutiiininous matter in, 
.vrr "bitummoiiB matter” 

New York State flasli-immt tester, "flasli- 
point" 

Nigeria, asphalts in, see "asphalts” 

Nigrite, 155 

Nitrogen. 42, 232. 481, 533 
Nitrogenous bodies. 42 
Nomenclature, aee "terminology” 

Non-asphaltio petroleum, aee "petroleum" 
Non-asphaltic pyrohitumens: 
classification of, 26 
composition of, 41, 43 
definition of, 24 
geology of, 46 


I Non-asphaltic pyrohitumens— Continued: 
heating of. 58 
metamorphosis of, 58 
origin of, 58 
properties of, 22 
veins of, 50 

Non-asphaltic pyrobituminous shales, 158, 1.59, 
482 

Non-bituminous lignite, 204 
Non-mineral matter insoluble in carbon disul¬ 
phide. 526 

North America, asphalt in, ace "asphalt” 

" Number” of; 
burlap, 390 
duck, 390 
felt. 389, 569 
paper, 436 

O 

(•bispo, 289 

Odor on heating, 481, 500 
Oil or oils. 

acetone, .sc«’ "ucrtoiie oils” 
animat, mr "amiiial oils" 
boiic, Ace "bone oil" 
creosote, 'cc "creosote oil” 
ilcgnis, "ilegraa oil” 

Dippc'l, KCf "Dippcl oil” 

dust-laying, sec " bitiinimoiis dust-laying oils” 

export, scr “export oil” 

flotation, see "notation oils” 

gas, nil’ "gas oil" 

ilbimmating, see "illuminating oil” 
magma, ncr "magma oil" 
iwilii), fir "palm oil” 
pine, sec "imic oil” 
rcsiiluHl, see "ri'sidtial oils” 
roam, ncr "rosin oil” 
seek, SIC "seek oil" 
shale, see "shale Inr” 

\egctul)le, sii’ "segefulile oils” 
wool, SCI "wool oil” 

' Oil-bearingslmlcs, sec "shales" 

Oil-forming sliiilcs, sir "shales” 

Oil gas, 2.59 

Oil-gas tar, 166. 173, 259: 
classilienlion of, 27 
ilistiuguisliing from eoul tar, 262 
i properties of, 262, 482 
refining of, 263 
Oil-gas-far pitch, 263: 
cIuBsifieation of, 27 

distingiiislimg from eoul-far pitch, 2ti4 
properties of, 263, 311, 482, 
weatlier-rcsislance of, 311 
Oilite, 162 

"Oil shales,” 151, 1.58 
see also "pyrobituminous shales” 

Oil-Wttter gas, 260 
Oily constituents, 547 
Oklahoma: 

asphalts in, see "asphalt” 
grahsinite in, see "grahamitc” 
impsonite, in, see "iiiipsoiiile” 

Oklahoma asphalts: 
blown, see "blown Oklahoma asphalts” 
extraction of, see “extraction with water” 
for paving purposes, sec "paving” 
Olcfinacctylenos, 33 
Olefines, 32 
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O)eo>resin, 193 
Once-run oil, 222 
Open binder, 368 

Open-chain hydrocarbons, $<e ‘‘hydrocarbons’* 
Orchard hcatins oit, 280 
Orchard oit. 2it8 
Orepuki shale. 164. 221 
Origin of the expression; 
asphalt, 1 
bitumen, I 

(>rnamenta) roohngs, nee "roofings" 

(Jsborne adhesive test, nrc "adhesive test" 

Oven for volatility test, 517 
Oxidation of bituminous materials, 575 
Oxidued asphalt, sec "blown petroleum asphalt" 
Oxidixedcoal tar. 17, 255, 2s7 
Oxidised jictroleum asphalt, ste" blown petroleum 
asphalt" 

Oxygen. 41. 4S1, 534 
Oxygenated bodies, 41 

Oxygenated asphalt, see "blown petroleum uh- 
phalt” 

Osokentc, 32,74' 

I'lassificutmn of, 2<> 
discovery of, 15 
distillation of, 75 
extraction with water, 72, 75 
metamorphosis of, 50 
proixTtics of, 75, 77, 310, 482 
weathtT-resistance of, 340 
Ozokerite in: 

(lalicia, 70 
Hiimania, 77 
Uussm, 77 
Texas, 78 
I'nited States, 77 
Utah, 00,77 

P 

Packages, roofing see "roofing packages” 
Packing-house gieast', 327 
Puckiiig-house pitch, 317, 332, 335 
Paints 

air-dr>iiig, see "air-ilrymg paints" 
aniilysia <if, see " analysis " 
analysis of dried films, see "analysis" 
bituminous, scr " bitiiinmous paints" 
damp-proofing, ste "damp-proofing paint" 
for masonry, 409 
for metal, 472 
for roofings, 470 
for wood, 472 
grinding, null for, 400 
use by Homans, 12 
use of gilsonile in, see "gilsonite" 
use of shulc-tar pitch in, 224 
weathering of, see "weathering tests" 
Palliatives, dust, see "dust palliatives" 

Palm oil, 319. 320 
Palm-oil pitch, 317, 332, 335 
Paper or papers, 430- 

electrical inaiilating. see "electrical insulation " 
insulating, see "insulating papers" 
sheathing, see "sheathing papers" 
Paraffiiiaceous mass, 211, 212. 307 
Paraffinaceous petroleum, see "oon-asphaltio 
petroleum" 

Paraffine, see "paraffine wax " 

Paraffine distillate. 280, 282 


Paraffine flux, 26S 

Paraffine, liquid, see "liquid paraffina" 

Paraffine oil, 211, 213; 214, 268 
Paraffines, xcc "hydroearlwns” 

Paraffine, solid, see "aolid paraffines" 

Paraffine scale, 268 
Paraffine wax. 
classification of, 27 
composition of, 32 
discovery of, 15 

from lignite tar, 208, 210, 211, 214, 307 
from peat tar, 201, 307 • 

from petroleum. 208. 278, 279, 281, 283, 307 
from shale tar, 223, 307 
origin of name, 15 
proper! ica of, 309, 482 
wcuther-resistiince of, 310, 340 
Paroliti*, 289 
Parrot coal. 160 
I'urtial combustion, 105, 172 
Particles, sue of. 303, 309. 399. 540 
Pavements, 352 

asphalt block, see "asphalt block iiavemeiits" 
usplmlt mastic, «'«; "asphalt-mastic foot jiave- 
ineiits" 

bituminous coiuTete. see " bituminous concrete 
pavements" 

first asphalt block, 7 * 

first use III London, 15 
first use 111 Pans, Ki 
first use in Umlivl States. 16. 17 
sheet asphalt, see "sliei't asphalt pavements" 
stone-filled sheet asphalt, kcc "stoiie-hlled sheet 
asphalt" 

wood-bloek. see "wimii-block pavciiienls" 
Paving blocks, see "asphalt block pavements" 
Paving materials, bitummous. see "bitumuioua 
paving materials" 

Peat. 59, 01, 197- 
bottom, see “ bottom peat" 
briquetting of, 199 
classification of, 20 
(leliydruting of, 109 
distillation of, 200 
earthy, sn "earthy jjeat" 
hbrous, see "fibrous peat" 
metamorphosis of, 58, 59 
pitchv, see "pitchy jxait" 
proiicrtics of, 482 
turfy, see "turfy peat" 
volatile matter in, 108 
Peat tar. 27, 100, 197. 202. 482 
Peat-tar pitch, 27. 197. 201, 203, 341, 482 
Penetration test, 495 
Penetrometer, 495 

Pensky-Martens closed fiash-point tester, se$ 

‘ ftosli-poiiit" 

Perilla oil, 403 

Persia, asphalt in, see "asphalt" 

Persians, use of asphalt, by 4 
petrol. 207 
Petrolatum. 209, 437 
Petrolenes. 527 
i'etrolcum 

asphaltic, 20.'37, 205 

brightening of distillates, see "brightening" 
classification of, 2tl 
composition of, 32, 38, 42, 43 
continuous distillation of, 273, 274 
cracking of, 272 
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PetToleum’-Continued: 
definition of, 23 
dehydration of, 209, 270 
destructive distillation of, 272 
dry distillation of, 272, 279, 282 
fractional distillation of, 272 
geology of, 40 
heating of, TiH 

heating under pressure, 269 
intermittent distillation, 270 
nuxcd'li^c. 20, 37, OS, 205 
non^asphaltic, 20. 32, 58, 205 
paraffinaceous, see ‘'non*asphaltic'’ 
products obtained from, 200 
properties of, 22, 340, 482 
refining of, 270 
settling of, 209 

steam-dislillation of osphaltie, 272, 277, 278 
Hteam-distillation of mixed-liase, 278, 280 ^ 
steani-dislillation of non-osplinltic, 278, 280 
steaming of distillates, see "steaihing” 
straight-distillation of, 272 
topping process of refining, sec "toppingproc* 
ess" 

tower system of distilling, 273 
varieties of, 205 
s weather-resistance of, 340 
Petroleum asphalts, 205' 
l>lown, «ee "blown petroleum asphalt” 
composition of, 32 
produetioii of in U S , 04 
refineries in U. H, producing, 206 
Petroleum distillates, 207 
Petroleum etlier, 207 
Petroleum jelly, 2tM» 

Petmleum residues, 208: 

composition of, 41 
Petroleum solvents, 4<I4 
Petredeum spirits, 207,404 
Petroleum springs, 48 
Petroleum tailings, 208 
Phenols, 41. 201. 214 , 222, 220, 245 , 248, 550 
Philippines, asphalt in, i.ei- “asphalt" 

Physieal oharacteristii'B of bituminous materials, 
480 

Physieal testa of bitumiiiizcd fabrics, 500 
Phytocollite, 59 
Phytosteryl, 549 
Piansite, 59 

Pigments, 303, 453. 403. 477. 539, 571 

Pine oil, 190, 405 

Pine tar. 27, 190, 191, 482 

Pine-tar pitch, 192, 482 

Pinoline, 104 

Pintsch gas, 259 

Pipe-dips, 224. 445 

Pipe-scaling compoumls, 445, 447 

Pissasphaltum, 11 

Pitch: 

blast-furnace coal-tar, see "biasl-furnace-oual* 
tar pitch” 

bone-fat, see "bone-fat pitch” 
bone-tar. see "bone-tar pitch” 

Burgundy, see "Burgundy pitch” 
cable, see "cable pitch” 
candle, see "candle pitch” 
cheese, see "cheese pitch” 
cholesterol, see "cholesterol pitch” 
classification of. 27 
coking, see "coking pitch" 


Pitch-Continued: 

coke-oven coal-tar, see "coke-oven coal-tar 
pitch” 

composition of, 41, 42, 43, 44 
corn-oil, see "corn-oil pitch” 
corn-oil-foots, sec "eorn-oil-foots pitch” 
cotton, see "ootton pitch” 
cotton-oil, sec "cotton-oil pitch” 
cotton-seed-foots. see “ cotton-seed-foots pitch” 
Cotton-seed-oil, see " cotton-secil-oil pitch ” 
cotton-stearin, see "cotton-stearin pitch” 
definition of, 24 
fat, see "fat pitch” 
fatty-acid, see “fatty-acid pitch” 
fuller's-grcase, sec "fuller's-grcase pitch” 
garbage, see "garbage pitch” 
gas-works coal-tar, see "gas-works coal-tar 
pitch" 

glance, see "glance pitcli” 
hardwood-tar, see " hardwood-tar pitch” 
iron, see "iron pitch” 
ligniU*-tar, see "lignite-tar pitch” 
oil-gas-tar, see "oil-gas-tar pitch” 
packmg-housc, see “packing-house pitch” 
palm-oil, see "pa!m-oiI pitch” 
pcat-tar, see "|>eut-tur pitch” 
pme-lur, see "pine-tiir pitch" 
producer-gas coal-tar, see "producer-gas coal- 
tar pitch” 
properties of, 22 
rosin, see "rosin pitch” 
siH'k-oil, see “seck-oil pitch” 
sewage, see "sewage pitch" 
shale-tar, see "shale tar pitch” 
stearin, «fc "stearin pitch” 
stcarin-wool, see "stearin-wool pitch” 

Vosges, set "Vosges pitcli” 
watcr-gas-tnr, ste " wnter-gas-tar pitch” 
wood-tar, see "wood-tar pitch” 
wool, fte "ttiM)! pitch" 
w(H>l-fat, see "wool-fat pitch” 
wonl-groaae, see "wool-grease pitch” 
wurtzilite. see "wurtzilltc pitcli” 

Pitch Coal, 59, 85 
Pitch fillers, 382 

Pitch bake, see "Trinidad bake” 

Pitch still, 320 
Pitchy peat, 198 
Pittsburgh flux, 269 , 295 
Plastic coin|X)8itions, 251, 442, 473 
Pliability of roofing, 560, 580 
Pliability test, 444, 5t»0 
Pliny the F.lder on asphalts, 12 
Plutarch on asphalts. 11 
Polycyclic, see "hydrocarbons” 

Polymerization of bituminous substances, 56, 576 

Pontiunak copal, 463 

Poole, subterranean, 48 

J’urtugal, asphalt in, see "asphalt” 

l*ot-hcad compound, 450 

Power distillate, 268 

Precipitators, electrical, see "electrical precipi- 
tat<ir” 

Preformed joints, 453 
I’reformed washers, 453 
Preiiioulded stri|>8, 383 
Prepareil roofings, see "roofings” 

Preservatives: 

creosote, see "creosote preservatives” 
wood, sc* " wood preservatives ” _j 
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Pre88<vl oil, 307 

Preventatives, dust, tee “dust preventatives” 
Primary condensers. 230 
Primary deposit, .“iO 
Producer: 

Fairbanks'Morse, 241 
Kortmg, 201 
Ivoomis-Pottibone, 241 
Mond, 242 
types of, 239 
WestinKhouse, 242 
Producer aas, 172, 209 

Producer-«a8 coal tar, 27, ItiO, 239, 242, 243 
482 

Pn)ducer-Ka8 coal-tar pitcli, 27, 2.'52, 482 
Production of: 
asphalt, «<e “asphalt” 

asphaltic pyrobitumcns, »re “asphaltic pyro- 
bitumens" 

asphaltites, are “ usphaltilcs ” 
clatorite, are. “elafenlc” 
gilsonitc, «fc “Rilaoiuto” 

Kriiliamaitc, ter grahuiiulo" 

Purifiers, 231 

Pyoiuimeter method for specifir.Rra\ity, 488 
Pyn.liiie, 42, 200, 22(i, 230. 24.» 

Pyrobitumen: 

asphaltic, fcc “asphalt.c pyrobilumeiis” 

associated minerals, 47 

classiticatiun of, 20 

composition of, 42, 43 

definition of, 21 

geology of, 40 

non-asphnltic, aer “ non-asphnilic pyrohitumeu” 
occurrence of, 47 
origin of, 40 
properties of, 21 

PyrobituininoiiB shales, ]5o, 158 
Pyrobitumiiioiis shales in. 

Australia. 104 
Austria, 104 
Brazil, 103 
California, 161 
Canada, 102 
Colorado, 101, 22t 
Knglaiul, 163 
Cicrmany, 164 
Kentucky, Ifll 
Missouri, 161 
Montana, 161 
Nevada. 161 
Scotland, 163 
Spam, 164 

Unitcil States, 101, 221 
Utah, 161, 221 
Virginia, 161 
Wyoming, 161, 221 
Pyrogenoiis, definition of, 21 
PyrogenouB asphalts, 27, 340 
Pyrogenous distillates, 27, 340 
Pyrogenous residues, 27, 340 
Pyrogenous waxes- 
classification of, 27 
properties of, 340 
Pyropissite, 73, 79. 160, 205, 221: 

in Saxony, 79.205 
Pyropissitic shales, 164 
Pyroretin, 59 

Q 

Quiaoline, 42, 226, 236, 24S 


R* 

Bag felt, .389 

Baguea asphalt, 123 

Bam scrubbers, 175 

Raleigh, Sir Walter, on asphalt, 12 

Beady roofings, tee "roofings'' 

Bed oil, 211, 212 

Bcfikite, 59 

Refined coal tar, 251 

Refined cylinder oil, 281 

Refined paraffine wax, 268, 300 • 

Refined scale wax, 3U9 
Refined tar, table facing 245 
Refined wax, 281 
Refining of: 

liono grease, see “lM>ne grease" 
carcass-rendering grease, “carcass-render¬ 
ing grease" 

‘coal tiir, "coal far” 
corn oil, are “com oil" 

Cottonseed oil, see "cotloiisecd oil” 
fats and oils, ace “fats and oils” 
garbage grease, see "gnrlMigc grease" 
ligmte tar, see "lignite tar” 
packing-house grease, see “packing-houss 
grease” 

IH'trolcura, see "iietrolcum” 
refuse greases, see “refuse greases" 
sewage grease, stc “sewage grease” 
shale far. tee "shale tar” 
vegetable oils, see “vegetable oils” 
water-gas tar, tee "water-gwi lar” 
woolcii-mill waste, see “woolen-mill waste" 
Refractive index, 537 
Refuse greasos, refining of. 327 
Reservoirs, subterranonn, 48 
ResKlmil asphalt. 268, '1^1, 278, 280, 295: 
('Hliformii grades, 299 
carelessly prepared, 290 
(lassifiealion of, 27 
composition of, 43 
ilislmKuishing eharacteristies, 297 
(lifTercnl lilting from native asphalts, 208, 546 
from asplialtic petroleum, 301 
from mixed-base jietroloum, 3(K) 
liMpertics of, 297, 341. 482 
weatlier resistance of, 302, 341 
Residual oil. 2tiM, 274, 277, 282, 283: 
classification of, 27 
composition of, 43 
from asphaltic petroleum, 283, 286 
from mixed-haso petroleum, 284, 286 
from non-asphaltir petroleum, 284, 286 
mixtures with gilsonite, 129 
mixtures with grahaniite, 141,147, .546 
properties of, 285, 340, 482 
weather-resistance of, 285, 340 
Residual pitch, see “residual asphalt” 

Residue, sulphonation, tee “suiphonation 
residue" 

Residues, petroleum, tee "petroleum residues" 
Residues, pyrogenous, see "pyrogenous residues" 
Residuum. 279, 282, 283 
Resin acids, 41, 643. 544 
Resins, 452, 463. $73: 
asphaltic, see "asphaltic resins” 
fossil, see "fossil resins" 

Hetinaspbaltum, 69 
Ketinite, 69 
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Retort; 

construction of, 170 
Del Monte, 210 

ges-worke, see "gae-worke retort" 

Henderson, 210 

horisontal, see “horisontal retort" 
inclin'd, tee "inclmed retort" 

Pumpherton, 217 
Rolle, 200 
rosin, 103 
shale, 216 

vertical, see "vertical retort" 

Young & Fyfc, 216 
Retort lignite, 204 

Retort method of distillation, sec "distillation 
test” 

Retort tar, 188 

Rhigolene, 267, 464 

Rhodesia, asphalt in, see "asphalt" 

Road binders, 251, 2G8 

Road oil, 268. 274, 280, 283, 285 

Roohlederitc, 50 

Rock asphalt, 16, 23. 26, 05, 09 

Rocks, impregnated, 48 

Roll roofing, see "roofing" 

Romans, use of asphalt jiainte by, 12 
Roofing or roofings, 386: 
analysis of, 564 
built-np, 410 
color of, 580 
discovery of, 14 
fastening devices for, 415 
laminated, 408 
laying, 418 

mnitipic'layercd, mcc "laminated” 
ornamental, 410 

pliability of, see "pliability test" 
production of, 425 
single-layererl, 308 

tensile-strength of, see " tensile strength” 
testing of, 560 
types of, 560 
weathering tests of, 57^ 

Roofing cleats, 410 
Roofing fabrics, 386 
Roofing felt, 387 
Roofing packages, 417 
Roofing shingles, see "shingles" 

Rosin, 193. 341. 452, 463, 551, 573 

Rosin esters, 463, 475 

Rosin oils, 100, 104, 465, 551 . 

Rosin pitch. 27. 103, 105, 341. 482 
Rosin spirits, 100, 104, 105, 465 
Rosin varnish, 573 
Rubber, 448, 452 

Rubber substitutes, see "bituminous rubber sub¬ 
stitutes" 

Rumania, ozokerite in, see "ozokerite" 

Russia: 

asphalt in, see "asphalt" 
oiokerite in, see "ozokerite” 

S 

Sand, 363, 401, 540 
Sandarac, 463 

Saponifiable constituents, 481, 542 
Saponifiable matter, 542, 547 
Saponification olein, 320 
Saponification stearin, 320 
Saponification value, 544 


Sarco, 280 

Saturated hydrocarbons, 30, 481, 537 
Saturating compositions, see "bituminous eatu> 
rating compositiona" 

Saturator, 404; 

asphalt, see "asphalt saturator" 
tar, 'ce "tar saturator" 

Saxony: 

montan wax in, see "montan wax” 
pyropissite in, see "pyropissite" 

Scale wax, 268, 278, 279, 309: 
refinod, see " refined scale wax " 
yellow crude, see "yellow crude scale wax” 
Scheerorite, 15, 79: 

ill Switzerland, 79 
Schlcretinite, 59 
Schutte consistency tester, 494 
Scotland; 

hatchettite in, see "hatebettite" 
pyrohituminous shales in, see "pyrobituminoue 
shales” 

Scrubbers: 

baffle, see "baffle scrubbers" 
centrifugal, see "centrifugal scrubbers” 
hurdle, see "hurdle scrublicrs" 
mechanical, see "mechanical scrubbers” 
ram. see "rain scrubbers" 

Static,«« "static scrubbers” 

Seal-coat, 269, 357, 367 
Secondary condenser, 231 
Secondary deposit, 50 
Seconds, gilsoiiite, see "gilsoaite” 

Sedimentation, 70 
Seek oil, 329 
Seek-oil pitch, 329 
Seepages, 48 

"Selects," gilsoDite, see "giisonite” 
Seini-lntumiiioiis coal, 60 
Scmi-pyrobitiiniens, 161 
Senn-pyrohitiiniinoiis shales, 161 
Settling tanks, 181 
Sewage grease, refining cl, 328 
Sewage pitch, 317, 332 
Sewage sludge, 328 
Seyssel asphalt, 13, 15. 116 
Shale, see "pyrobitutninous shale"' 

Shale oil, see "shale tar" 

Shales; 

Albert, see "Albert shales" 
albertite, see "albcrtite shalrs" 

Arcadian, s«c " Xrcadian simles" 
asphalt-bearing, 158 
asphaltic, see "asphaltic shales" 
asphaltic pyrobitiiininous, «•< "asphaltic pyro- 
bitiiminoiis shales’’ 

bituminous coal, see "bitun inoiiscnclshales" 

caniiel coal, see '‘ cannel-coalshales" 

coal, see “coal shales" 

coorongitic, see "coorongitic shales" 

distillation of, 216 

joadja, see "joadja shales" 

kcnisene, see "kerosene shales" 

Kimmcridgc, see " Kimnieridgc shales” 
lignite, see "lignite shales" 
lignitie, see "lignitic shales" 

Lothian, see "Lothian shales” 
non-asphaltic. see "non-88j>haI(ic pyrobitumj* 
nous shales" 
oil,<«ce"oil shales" 
od-beariog, 158 



SUBJECT INDEX 


605 


Shales—Continued.’ 
oil'forming, l.'id 
Orepuki, see "Orepuki shnlca" 
pyrobitiimmoiis, «ee “pyrubitunimoua shales" 
pyropifiwtic, »ee "pyropissitie shalps" 
semi-pyrobituiitiuouB, «(<■ ‘'sembpyrobituini* 
nous shales" 

sU'llante, atr " stellHnli* shule.'i" 
wnrlzitilo, xre “Murtzilite shales" 

Shale (ar, IbO, 216, 220: 
rlassitiegtion of, 27 
discovery of, 13 
properties of, 221, 482 
rehmiiK of, 222 
Shale-tar pilch, 216: 
cImsiHchUoii of, 27 
discovery of, 13 
properties of, 22 J 
Shea butter, .319. .'120 
Sheathing febrii’s, itstl 
Sheathing papers. 4.’I3, .'>60 
Sheet asphalt pa\eiiietiLe, 367 
Sheet roohngs, '-ic ‘'roohiigs" 

Shcrwooil oil, 2n7 
Sliingles 
iiKlnidiial, 412 
laying, 41S 
prcpui'cd-rootiiig, 412 
strip, 414 
wide-Bpace<l. 114 
Shoe lilk'iH, 4'>1 

Sicily, asphalt in, .'cc '‘asphalt" 

Sicbiirglte, .'>(1 
Sieves, •Ml), .'i.j!) 

Signal oil, 267 
Sitosteryl, .M9 
Slack wax, 27N, 279, 3(17 
Slag, exaiiimatiou of broken, .MO 
Slaters’ felt, 397 
‘■Shine," (■>, 13 
Sludge, 27S, 279, .374 
senage, '<>■ "sewage sliolge" 

Sludge asphalt, 2(i!), ~7s. 279, •3t>.t 
classilicatioii of, 27 
composition lit, 13 
ilistinginabing clniniciciislics of, 305 
properties of, .ti)4, 111, 4N2 
weather-nsistance ol, ,106 , 341 
Smudge oil. 2I>S, 2.S() 

Soap stock, 3|.S 
.S t) binilcr, 2S9 
.Softening point, .'i.'iO 
Solid paralRncs, 31, 32, 4.SI, ,5.36 
Solubility 111 
ai'etone, 193, <52S 
benzol, .)7, 79. .j2H 
benzol and toluol, .j 2S, .531 
carbon disulphide, 524 
rarhon letrachlorido, .526 
petroleiini naphtlia (HS° Ik' I, 527 
various solvents, 52H 
Solubility test. 4S1. 524 
Solvent naphtha, table faeing 24(), 2I.S, t(15 
Solvents, 461- 
eheimcal, 460 
eoal-tar, 15, 404 
evaporation of, 466 
examination of, .579 
flash-point of, 4ti4, 465, 466 
from wood, 46.5 


Solvents— Conitnufd: 

lieirolcum, mc "petroleum soUenU" 

.''oininer hyilrometer, 4S9 
South America: 
asphalt in, ace "asphalt" 
glance pitch in. kw "glunce pitch" 

So\a-beuii oil, 46.1, 47s 
Spain, asphalt in, aic "asphnll " 

p> roliitumihous shales in, mi "|)\ robituminoua 
shales" 

S| cciticalioiis for. 

.isplialt for waterprooling, 413 • 

re'phiilt inaslK' tioors, 37.5 
ii.splmlt-siituriiteil fell, 129 
bitiililhic pa\cmeii<s, .•« "iutulilhic Bi>oeiflea- 
tioim" 

biluniinous expansinii joints, 3St 

bitiiiniiiDiis mii'iusIk's, 176 

conl-tiu pitch for wiiterproofing, 112 

cosil-liii saturated fell, 429 

creosote pruning e,iat. 4.19 

ereoHotc presenaluc for wood biockn, 379 

insulating tape, 1 lU 

rooting tell, 3911 

roolings. 121 

Topeka pax emeu Ik, wi "Topeka specilicatioin" 
wooden pax mg l>lorks, .{7K 
SjK-cilic giiivilv lest, |S1, tSl),54l. 
forbiluniuioii.s niiiltei, -1M| 
lor till ‘Cral aggregates, .5It 
Spindle oil, 26X 

Spirits, pel I oleum." petrohmin spii its” 

Spirits, rosin, k-c "losin sjuiits” 

.''IionlaticoiiH hanleiiiiig, 570 

.■Springs, S, IS 

.static .scrubbers, 171, 175 

SIciiin distillation, 219, 222, 21(>. 272, .119 

Steaming ot petiolciim pio<luc1s, 27S 

Sleaiiii, ilegias, sc "dcgias sltarin" 

Slcann pilch, .117 
Steal Ill-wool pit< h, 317 
Sicllaiite, 1,5,5, 221 
S:cllai,lc shalc.H, 162 
Sllllh (o| 

coaMar, 247 
fattv a< ids, 319 
lignite, 211 
pctioleiiiii, 2711 
rosin, 193 
sliiile tar, 222 
wiirlzihte, 313 
Still grcaac, 223 
.Still wax, .111) 

.Stock, cjit),t|(.| ser "camlle stock" 

Stoik, snip, SCI’ "soap slock” 

Stockholm tar, 190 

.Stone, examiiialion of lirokcri, 510. 

wax, see " wax-stone" 

,Slone-tilled sheet-aflphiitl iiavcincnl, 362 
Stoxe oil, 267 
Strabo on aspimit, 11 
Sliiiigbl-Min nspball, 277 
Sliaight-riiii coal-tar pitch, 2.51 
Straw oil, 268 

Streak on porcelain, 4HI, 185 
Strength 

coinpresHive, «/• “< (pinpressive strength" 
.Nfiilleii, Hir " Mullen strenglh" 
of burlap or din k, -569 
of fell, 390, .51.*) 
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Strength— Continued: 
of paper, 436, 438 
of roofing, 562 

tensile, tee “tensile strength" 
transverse, eee “transverse strength" 

Strength factor, 3D0, 430, 509 
Strips: 

prerooulded, tee “premoulded strips” 
shingle, tee “shingle strips" 

Subcannel coal, 00 

Substitutes, rubber, tee “bituminous rubber sub- 
stitutes"^ 

Suction producer, 240 
Sulphonation residue, 21, 481, 537 
Sulphur, 43, 481. 532 
Sulphurated bodies, 42 
Sulphurized asphalt. 260. 204 
Sumerians, use of asphalt by, 1 
Surface aged indoors, 481, 485 
Surface course, 301, 308, 372 
Surface mixtures, 357, 301, 306, 308 
Surfacings: 

bituminous, <rc “bituminous surfacings" 
of mineral matter, 394, 569, 578 
of vegetable matter, 395 
Susceptibility factor, 481, 501 
Sweater, 307 

Sk'eatiiig process, 278, 307 
Switzerland; 

asphalt in, tee “asphalt" 
schoererite, in, tee “scheererite" 

Syria: 

asphalt in, see “asphalt" 
glance pitch in, see “glance pitch" 

T 

Tabbyite, 83 

Tacitus on asphalt, II 

Tailings, wux, s/T “wax tailings” 

Tallow, 319. 320 

Tape, tee “electrical insulating tape” 

Tar. 

boiled, tee “boiled tni ” 

blosMurnace, str ''blust-fnrmu'c ciial tar” 

bone, tee “bone tai ” 

browncoal, see “lignite tar" 

candle, tee “enndk’ tur” 

classifientinn of, 27 

coal, tte “coal tar" 

coke-oven, see “coke-ovcii coal tar” 

composition of, 41, 42, 43, 44 

dehiiition of, 24 

dehydration, of, 180 

distillation of, see “distillation" 

effect of temperaturo on, 168 

gas-works, see “gas-ttorks coal tar" 

hardwood, see “hardwood tar" 

heating of, 181, 182 

lignite, see “lignite tar” 

oil-gas, see “oil-gas tar” 

oxidized, see “oxidized coal tar" 

peat, see “peat tar" 

pine, see “pine tar” 

produccr-gas. see “producer-gas coal tar" 

production of, 165 

properties of, 22, 340, 482 

retort, see “retort tar” 

separation of, 174 

shale, tee "shale tar" 


Tar— Continued: 

Stockholm, see “Stockholra tar" 
water-gas, see “water-gas tar" 
weather-resistance of, 340 
wood, see “wood tar” 

Tar acids, 244. 245, 530 
Tar extractors, 180, 230, 231 
Tar filter, 180 
Tar fog. 171 
Tarred felt. 307, 429 
Tur saturator, 396 
Tar tester, 492 
Tasmanite, 156 
Tataros asphalt, 72, 121 
Temperature scales, 587 
Tensile strength: 
of bituminized aggregates, 553 
of bituminizcd fabrics, 438, 440, 562 
of bituminized substances, 481, 505 
of roofings, 562, 580 
Tcnsonictcr, .505 
Terminology, see "definition" 

Tcrpeiics, 33, 37 
Tertiary mixtures, 347 

Testing of, see "analysis," also "examination"; 
inaniifuctiired products, 552 
raw inatcriuls, 480 
Tests. 481 
Texaco, 289 
Texas: 

asphalt in, see "asphalt” 
grahumitc in, set “graljaiiiite" 
ozokerite in, see “ozokerite" 

Theories 
animul, 54 
inorganic 52 
vegetable, 53 

Thermometer scales, .'cc "temperature scales" 
Thickness factor of fell, 569 
Thickness of' 

hitummizod fabrics, 562 
felt, 390, 569 
paper, 436 
roofing, 562 

Tiles, asphalt, sn "nsplialt tiles” 

Toluol, 39. 465, 46t), 528, 534 
Topeka specifications, 364 
Topping process for petroleum, 274 
Torbanehill ininoint, 160 
Torbanite, 160, 221 

Total bitumen, see “solubility m earbon disul¬ 
phide" 

erroneous use of expression, 21 
Tower system of distilling, we “petroleum” 
Transformer oil, 268 

Transverse strength of bituminized aggregates, 
554 

Trinidad: 

asphalt in, we “asphalt" 
grahamite in, see “grahamite" 

Trinidad asphalt, 108' 

Composition of, 112 
discovery of, 12 

first use for paving purposes, 17 
production of, 115 
refining of. 113 
Trinidad lake, 12. 48, 108 
Trinidad lake asphalt, 108 
Trinidad land asphalt, 115 
Triukerite, 59 
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Turpentine, 186, 180, 104, 465, 466; 

wood, tee “wood turpentine” 

Turpentine eubstitute, 267, 464, 466 
Turfy peat, 198 
Twitohell process, 323 
Twitchell reagent, 323 

U 

Uintaite, tee “gilsonite” 

Ultimate analysts, tee “analysis” 

Uncombtned mineral mattcr.nfe “mineral matter” 
Underwriters’ I.aboratori 08 , Inc, 421 
Unite<l States, 
albertitc in, nee “albertito” 
asphalt consumeii m, 67 
asphalt exported from, 66 
asphalt imported into, 66 
asphalt in, nre “asphalt” 
bituminizctl matter discovered in, 16 
first pavement in, nee ‘■pu\cmeiit“ 
gilsonite in, nee "Kilsonitc” 
grahamito in, nee "griihamitc” 
impsonitc m, nee “impsonitc” 
oiokerile in, see “ozokerite” 
production of asphalt in, nee “asphalt “ 
pynibituminoue shales m, nee “pyrubituminmis 
shales” 

wurtzilite in, nee "wurtzilite” 

Unsaponifiable matter, 481, 

Utah 

albertite in, nee “albertitc” 
asphalt in, nee “asphalt” 
gilsonite in, nee "gilsonite” 
osokentc in, nee “ozokerite” I 

pyrobituminous shales m, nee "pyro*'itummou8 I 
shales" 

wurtzilite in, see “ wurtzilite ” 

V 

Vacuum distillation, 210, 246. 273. 320 
Vacuum impregnating oompoiindH, 140 
Val «le Travers asphalt, 13, 16, 17, IIS 
Varnish kettle, 46S 
Varnishes- 

air-drying, nee “air-drying varnishcB” 
baking, nee "l)aking varnislies” 
bituminous, bcc "bituminous vainislics” 

Vaselmc, 211, 24H) 

Vegetable fats, 317 

Vegetalile mutter, surfncings of, nte “Kiirfacings” 

Vegetable oils, 317, 325 

Vegetalilc oils ami fats, 341, 549 

Vegetable theories, nee "theories, wgefalde” 

Vegetable waxi*, 549 

Veins, 50 

Venezuela, asphalt m, nee “asphalt” 

Venezuela lake, 48, 86 
Ventura Hux, 269 
Vertical retort. 170 , 227 
Viscosity teat, 481, 491 
V. M A P naphtha. 267. 281. 464 
Voids, 363 

Volatile matter, see “volatility test” 

Volatility test, 481, 510a 
Vosges pitch, 196 

W 

Walchowite, 50 

Wall-board, see “bituminized wall-board” 


'■ Warrenile, 365 
Washers, see “sorubbera” 

Washers, preforme<l, ire “preformed wubera" 
W'afer, 41; 

determination of in felt, 389, 481, 529 
Water condensers. 174 
Water-gas, 173. 256, 257 
Water-gas tar, 166, 173- 
classification of, 27 
coefficient of expanaion, 258 
property of, 259, 482 
refining of, 263 * 

Water-gaa-tar pitch. 263: 
classification of, 27 

distinguishing from coal-tar pitch, 264 
proiwrtics of, 263, 264, 341,482 
weather-rt“8i8laiice of, 341 
Waterproofing 
asphalt for, see “asphalt" 
coal-tar pitch for, nee “coal-far pitch” 
iiilegrni, .see "integral waterproofing” 
meinlirune, me ”tneinbnine waterproofing” 
W’aterproofiiig compounds for* 
ccmcnt-iiiorfar, 434, 457 
concrete, 434, 457 
W'alerproufiiig falirics, 386 
W'ttterprooling methods, 434 
Wax: 

animal, see “animal wax” 

blower, nee “blower wax” 

crude scale, nee "crmle scale wa*" 

fibrous, nee "fibrous wax” 

hiinl, nee “hard wax” 

marble, nee “marble wax" 

mineral, me “mineral wax” 

monlan, nee "monfun wax” 

pariiffinc, nee "paruffine wax” 

pvrogenoiiB, see "pyrogenous waxes” 

refined, me "refined wax" 

refined parn/line, nee “refined paraffin# wax” 

refineil scale, nee “refined scale wax” 

still, me “still wax” 

xcgetabic, nee “vegetable waxes” 

w bite scale, nee " w lute sciilc wax ” 

wool, me " wool wax ” 

yellow crude scale, nee ” yellow crude scale wax” 
Wax-stone, 75 
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Wearing course, 368, 372 
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Weight of bituminized fabric, 562 
Weiss’ gpei-ific gravity method, 490 
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Wood 

disliUatioD of, 185 
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properties of, 101, 482 
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Woolen mill waste, refilling of, 328 
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Woo! Kfcase, 317, 320, 34! 

Wool-arcaso pitch, 317, 332 335, 330 

Wool oil, 320 

Wool pitch, 317, 320 

Wool wax, 320 

Woven fahiir's, 300 

Wiirtsilitc, 150. 

* charaetcrietics of, 140,151 
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discovery of, 17 
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properties of, 482 
production of, 64 
Wurtzilitc asphalt, 313: 
classification of. 27 
distiiiKuishinR characteristics of, 315 
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use in paints, 316 
weather-resistance of, 316, 341 
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Wnrtsilito shales, 159 

Wyoming, pyrohitiiminous shales in, see “pyro* 
bituminous shales” 
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ASPHALTS AND ALLIED SUBSTANCES 


PART I 

GENERAL CONSIDERATIONS 


CHAPTER I 
HISTORICAL REVIEW 

Origin of the Words “ Asphalt ” and “ Bitumen. ” The term " as¬ 
phalt ” may be traced back to ilaliylonian times. It was later adopted 
by the Homeric Greeks in the form of the adjective «, signifying 

“ firm,” “ stable,” “ secure,” and the corresponding verb Uru, 

meaning “ to make firm or stable,” ‘‘ to secure.” It is a significant fact 
that the first use of asphalt by the ancients was in the nature of a cement 
for securing or joining together various objects, and it thus seems likely 
that the name itself was expressive of this application. From the Greek, 
the word passed into late Latin, and thence into French (“ asphaltc ”) 
and English (“ asphalt ”). • 

The expression “ bitumen ” originated in the Sanskrit, where we find 
the word “ jatu-krit,” meaning “ pitch creating,” “ pitch producing ” 
(referring to coniferous or resinous trees). 1 he Latin equivalent is claimed 
by some to be “ gwitfi-mcn ” (pertaining to pitch), and by others, “pix- 
tumens ” (exuding or bubbling pitch), which was subsequently shortened 
to “ bittlmen,” thence passing via French into English. 

Use of Asphalt by the Sumerians (about 30(X) to 26(X> B.C.) The 
earliest record^ use of asphalt by the human race was by the pre-Baby¬ 
lonian inhabitants of the Euphrates Valley. These people, known as 
Sumerians, were skilled in carving and decorating stone, as evidenced by 
the varied and interesting specimens of pottery and statuary unearthed 
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in recent years. In certain of these we find shells or bits of stone cemented 
in place by means of asphalt. 

In 1903-4, Dr. E. J. Banks, while excavating at Adah (known also as Bismya) 
betifveen the Euphrat^ and Tigris Rivers in Syria, discovered a marble statue of 
Lugal-daudu, King of Adab (Fig. 1), one of the early Sumerian rulers, who lived 
about 3000 b.c.* An inscription reveals the name of the city of Adab. The eye- 
sockets are hollow, and still show the presence of asphalt, indicating that they were 
once inlaid with some substance, probably ivory or mother-of-pearl. The statue 
is now on exhibition at the Ottoman Museum in Constantinople/’ 



From "The Civilisation of Babylonia and Assyria," J. R. Lippincotl Co. 
Fig, 2.—Human-Headed Bull (3000 b.c.) with Shells Inlaid in Asphalt. 


Another statute (Fig. 2) originating aliout the same time (3000 b.c.) known as 
the *'Human Headed Bull,” is comiio-sed of black steatite, inlaid with small yellow 
shells imitating streaks, and held in place with asphalt. Many of the shells are intact, 
gripped firmly by the asphalt throughout fifty centuries of time and exposure, thus 
furnishing evidence of its remarkable adhesiveness and durability. This statue is 
now at the Louvre, Paris.’ 

i*'Th» C^viliffttion of Bftbylonin nod ABayria,*' by Morria Jaatrow Jr., pp. 394-5. J. B. Lip* 
pinoolt Co. PbUa.. 1915. 

i"^mya,*' by E. J. Banka, p. 101. 

*FondatioQ Eug4n« Hot, "MonumeBla et M6moirea," by Eraaet Lerous Paria Vol. VI 
1899: alao Vol. Vll. 1900. 
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An inteitating specimen of Sumerian art was excavated at Lagash, near the mouth 
df the Euphra^, insisting of a sculptured votive offering dating back to Eutemena, 
^er or so^ed Patesi" of Shirpula (28S0 b.c.). This beam as an inscription, the 
heraldic device of Lag^h, by means of which we are enabled to fix its date and origin. 
The tablet is an artificial composition of clay and asphalt (Fig. 3). It is also on 
exhibition at the Louvre.' 

The bust of an early Sumerian ruler, Manishtusu, King of Kish (about 2600 b.c.) 
was found in the course of excavations at Susa, in Persia, whence it is supposed to 
have been carried by an Eianiite conqueror in the twelfth century n.c.* In describing 



From "The CivUization oi Dabylonia and Aatyria," J. R. lippincott Co. 
Fig. 3.—Heraldic Device of f^oah (2850 b.c.) Cast in Asphalt. 


this statue, M. de Morgan states: "(he eyes, composed of white limestone, oam 
ornamented with black impils now fallen off, are held in their orbits with the aid of 
bitumen: the face appears rough; the beard and hair are of conventional design; 
as regards the inscription, it is engraved in lineal cuneiform characters of the most 
ancient style.” (Fig. 4.) The original is at the Louvre. 

Another relic, known as the “LibaUon Vase” (Fig. 6) is compoeed green 
steatite, carved in the form of strange mythical monsters, the effect of which is 
heightened by incrusted Utile shells set in asphalt, to represent the scaly bocks oi 

* Fondation Eugino l^ot, “MoDUtneiita et by Erneat I/mmi. Parla, Vol. I, 18M. 

* '* M4inoirf!i de la IMI6|;atton cn Penr," publiahiHl umlrr the direction of M. d« Morsan, Vol. II, 
1900, Plate IX; Vol. X, 1908, Plate I, pubiiahed by F^^neat l.ero«», Paria; alao CompUt R«ndu 9 
4t fAced4ni4 UnKtiptwMy July 1907, pp. 39S-9, Figa. 1 and 2, by M. de Moqpka. 
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winged serpents. The serpent was supposed to represent the emblem of the god 
Ntn^jhsida, to whom the accompanying inscription shows the vase to be dedicated 
by Gudea, ruler or Patesi of Lagash (2500 b.c.). This is considered one of the 
besh specimens of Sumerian sculpture, and represents the height of Sumerian art. 
It is also at the Louvre. ‘ 



From "The Chilizatioo of Babylouia aad Awyria," J. B Lippincott Co. 

Fig. 4.— Bust of Manishtusu, King of Kish (2600 b.c.) with Eyes Set in Asphalt. 

Use of Asphalt by the Early Persians (about 2800 to 2600 B.C.). A 
number of specimens of Persian sculpture involving the use of asphalt 
were exaevated at Susa in the province of Susiana, Persia, by M. J, de 
Morgan’s expedition of Paris.* These are in an excellent state of prescr- 

***ZMeoUT«rtM en Chald4e"; alto “Catalogue dee Aatiqu>t4s Chald^naee du Muate Naw 
tioDai du Louvre,” by Hensey, Parie, 1902, No. 125. 

* “ MAmotn»->lMUgatk>a en Peree,” published under the direetion of J. de Morgan. Vol. 
XIII, “fUcherehee AnbAoiogiquee Cinquihme S4rie de I'Epoque Arohatque,” by Edm. Pottier, 
publiibed by Enteet Lerous, P«ris, 1912. 
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vation, and by the inscriptions and cliaracteristic ornamentation are 8up- 
p6eed to have originated between 2800 and 2500 B.c. 


Fig. 6 shows various small animals carved of alabaster having the eyes cemented 
in place with asphalt; Fig. 7, two decorated vases 
composed wholly of asphalt; and Fig. 8, a sciilp~ 
ture of an animal in primitive form, hewn from 
a mass of asphalt. The French chemist, Henry 
be Chatelier, analyzed some of the asphalt, and 
found it to consist of the following: * 

Mointurp, 2.9 per cent; asphalt, 24.4 per cent; wax, 

1 a per rent, mineral matter, 71.2 per cent. The mineral 
matter was composed of. calcium carhonate, 45 2 per cent; 
ralt'iuni sulphate, 3.5 per cent, calcium phosphate, 0.8 per 
cent; iron, Bluniinium and silicon oxides, 21 7 per cent. 

This is conclusive proof that the asphalt is a 
natural product composed of 2o per cent asphalt 
and 75 per cent mineral matter, similar to the 
material obtained in the locality at the present 
day. (See p. 126.) 



From"TheCivUlutlonof nabylonl* 
aod An>ria." J. 11. Lippincott (V>. 
Fio. 5.—Libation Vase Dedicated 
to Gudea, Ruler of Lagosh 
(25(X) B.C.), Showing Shells Set 
in Asphalt. 


Use of Asphalt by the Early Egyptians 
(about 2600 B.C.)* The ancient Egyptians 
used asphalt for preserving their dead rulers, by wrapping the IkhIIcs 
in cloth and coating tliern with liquid or melted asphalt. I'hc remains 
are known as “ mummies/’ and at one period this word was syn- 



From *‘M£moirM de la D5l^sation en Perac," by Edm. Pottlar. 
Fio. 6.—Early Persian .Sculpture with Eyes Set in Asphalt. 


onymous with “ asphalt.” Tlic oldest mummies in existence concern¬ 
ing which we have authentic data, date back to the Sixth Egyptian 
Dynasty (about 2500 b.c.). The oldest specimens include the mummy of 
Seker-em-sa-f, unearthed at Sakkarah in 1881, and exhibited at Glai, 
near Cairo,^ and the mummy of King MerenrS, now at the Boulak Museum, 
Cairo.® 

■"MSmoirM,” Vol. Xllt, p. tel. 

* "Th« Mummy," by E. A. WalUa Bud(«, pp. 184, Cambridfo UnlvonHy Prow, l#88. 

’"Natural Rock Aapbalta and Bitumetu," by Arthur Oaoby. ih>- 41, Nav York, ltl3. 
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Use of Asphalt in Biblical Times (2800 to 1600 B.C.). Some contend 
that Noah us^ asphalt in the construction of the Ark (flenesis VI, 14). 



The Biblical text reads, that it was 
treated with “ pitch ” within and 
without: “ bituminabis earn bitumi- 
nac ” (Vulgate). There is some 
doubt as to whether this referred to 
asphalt, as pine pitch was known 
at the time, and might very well 
have been used for this purpose. If 
asphalt was actually used, the date 
would be fixed at approximately 2500 


From "M6moirc» de la DWaation B.C., wllich is USUally assigned tO thc 
on Por»," by Kdio. I'liltii r. Dcluge. 

Flo. 7.—Persian Va.ses Hewn from 

Blocks of Asphalt. numerous other references in 

the scriptures to substances corresponding 
to what we now know to l)e u.sphnlt. The Book of (Icncsis (XI, 3) in describing 
the building of the Tower of Babel (ataiut 2000 n.r.) states. . . . “and they had 
brick for stone, and slime had they for mortar.” There seems to !« no question 
but that the so-called “slime” alludes to asphalt, since the word translated as “slime” 
in the English version, occurs as de^XTcr in the Bepttiagint, and as “bitumen” in 


the Vulgate. In Genesis (XIV, 10) we arc informed that the Vale of Siddim “was 



From “M6moireB de la Df^lf'gatian cn Perso,” by Edni, Potfiuf 
Fia. 8.—Primitive Animal Carved from Asphalt. 


/uli of «/i»Kpit8," referring no doubt to exudations of liquid asphalt. Moreover, it 
is pointed out by certain authorities that the area described as the Vale of Siddim 
corresponds to our present Dead Sea, from which asphalt is still obtained. (See 
p. 135.) 

Again we are told (Exodus II, 3) that in constructing the basket of bulrushes 
in which Moses was placed, it was daubed “with slime and with pitch’* This took 
place about 1500 b.c. (“Septuaginta Interpretes/’ llschendorf). 

Use of Asphalt by the Babylonians (700 to 600 B.C.). The Babylonians 
were well versed in the art of building, and each monarch commemorated 
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his reign and perpetuated his name by constructing some vast engineering 
work. Certain kings built roadways, others built retainitig walls to 
impound the waters of the Kup!»rates, and still others mighty battlements 
and palaces. The facts were indelibly reconlcd by in.scription8 on the 
bricks used for the purpose, many of which arc still in existence. 

The following iriFrrlption occurring on the hrirks of the so-enlh^t “Sargeon Wall'* 
of Babylon, built by King Siirgcon who ruled 710 to 705 n.c., has l>een translated 
by Delitzsch: ‘ 

“To Mardiik, the (Ireat liord, the divine Creator, who inhultita h>t\gita, (he 
Ix>rd of liubil, hia lord Sargeon, the mighty king, King of the land of Aaaur, 
King of all, governor of Babil, King of Sumer and Akkad, the nourinher of Kaagila 
and Ezida. To build Inuirg*!^! Has hi.s doaire; be eauned burnt brick of pure 
Kira (?) to Im' struck, built a kAr (?) with lar .and aaphiUt on the aide of the lahtar 
(late to the bank of the Euphratert in the de|>(li of (he w’aler, am! founded 
lmgur-Ik>l ami Nimitti-ik'l mountain high, firm u(Km it. Tlii.s work may Manluk, 
the great Lord, graciously liehokl. and grant Sargeon, the prince who chensht's him, 
life! Like (he foundation stone of the Sacred ('ity, may (he years of his reign 
endure.” 

This revealed the use of asphalt as a cement for joining together bricks. Modem 
excavations imlicate that (hi.s method was usml quite generally, as will Ik* deBcnl)ed 
m greater iletail later. “Imgiir-lk*!” wa« (he name given to the inner wall of 
Bilbylon, and “Nimitti-Iicr’ to (lie outer. 

Of all the Babylonian nilers, Nebuchadnezzar, who reigned (>04 to 50! li.r., was 
the most progre.ssivo, and is stated to have n'constnictcd the entire city. The 
bricks l)ore in.s<Tiptions relating to bis work, and sever.!! n*fer s|)ecificaily to the 
use of asphalt. One foun<l in the siwalh'd “Procession Street" which led from 
his palace to the North wall, reads as follows ('I'ranslation by Weissliaeh, Kolde- 
wey, p. 54): 

“ Nebuchadnezzar, King of Babylon, he who made Esaglia and Kzida glorioui, 

son of NalK>()olas.sar, King of Babylon 'Flic streets <d Babylon, (be l^rtHOHaion 

Street of Nalnl and Marduk, my lords, hIiicIi Na})o|M>lasKar, King of Baliylon, the 
father who lK*gol me, had made a glmieniug xnth csp/iaft and burnt liricks; 
I, (he wi.se .suppliant who fears (h<-ir iordslii|)K, plmssl alsivc the bUvmm aial laimt 
brick.s, a mighty suiKTstructurc of shining dust, made them strong within with 
hUumen and hurnl bncks as a high-lying roail. Nabu and Manluk, when you 
traverse these stn'cls in jcy, may Is^nefils for me rest uism your lijw; life for distant 
days, and well-lM*ing for the l>ody. liefore you I will advance iiixm them. May 
1 attain eternal ng(*!’' 

This would seem to l)C the forerunner of the prescntnlay pavement compiled 
of stone blocks set in asphalt. It sc*oms strange that the art should have lieoome 

lost to mankind, only to Ihj nnli.scoveretl in the nineteenth century a.i). According 

to Neburliadnezzar, hU father, NaliojKilassar (625-604 n.r.) is credited to have laid 
the Orst asphalt block pavement of which we have any record. 

The most comprehensive relic left by Nebuchadnezzar is known as the “Large 
lnscril)c(l Stone Tablet”” (sometimes referred to as the “L^st India House Inscrip- 

■ "The Escavstiou M Babylon," by IM>ert Koldew^y, pp. 138, MHcmiltan & Co . Ltd , l.ondoo, 
1914. 
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lion”), which contains u details] account of his buildinjj acdvilics A Ininslation 
i)y Deiitxsch reads in part as follows ((’oliimii 7, lines .‘M it acq.): 

“In rny favorite city that I love, was the palace*, the* house, the marvel 

of, mankind, the center of the land, the dwelling of majesty, upon the Hahil place 
in Hahil, from Iingur-Bcl to tlie eastern canal Liliil-Higalla; from tlic hank of the 
Euphrates to Aihursahu, which Nahopolassar, King of Hahylon, my father, iny 
iK’getter, fault of vnulf hacks, and dwell in it. In con.sequence of fngh waters, 
its foundations had hccome weak, and owing to the filling up of the str(*ets of 
Hahil, th(* gateway of that palace had l)(*como tmi low. 1 lore down its walls 
of dncil hack, and laid its corner-.stone bare, and reaeheil tlie depth of the waters. 
loKring the wat(*r, I lanl its foundation firmly, and raised it mountain high with 
bitumen and burnt brick. Mighty cedars, I cau.se<l to U* laid down at l(‘ngth for its 
roofing. . . . For protection, I built two massive walls of asphalt and brick, 
400 ells beyond Nimitli-Hel Hetween them I erected a .structure of bricks on 
which I built my kmgly ilwelhiig of asphalt and hacks This 1 surrounded with a 
massive wall of as)fhalt and burnt hacks, and made upon it a lofty foundation for 
my royal dwelling of asphalt and burnt bricks.” 

U thus ai>pe:irs tliat Neburhadn(‘z/ar profited by the e.xperienee of his father, 
and instead of building a retaining wal' if dried clay bricks which had failed to 
hold back the iMipliratc's, due to its lack of waterj)roof projK-rties, he re.^orted to 
the us(‘ of burnt liricks and a.sphalt, as originally pra<*tice<l by Sargeon, and appa¬ 
rently with satisfactory results. 

Koldewey’s inve.sfigations (p. dl) indicate that the method of constructing walls 
m Hal>yIoman times con.si.sted in laying in rotation, first a course of brick>, then 
a layi*r of asphalt, then a layer of clay ami then another course of bricks The 
joints in each (“oiirse wen* composed of asphalt and clay. In every fifth course, 
the clay was replaced by a matting of reeds. 1'hi.s matting is now’ entirely rotted 
and gone, lint its impression is clearly recognizaltle in the asphalt. An attempt to 
separate* the* e'ours(*s to prevent aelhesion is thus appar<*nl, but Hie n*ason is not 
olivious. Onlv m om* locality ('rernple of Hor.sipf)a) <I(H‘s it appear that as|>halt has 
been used in direct contact with the bricks, where tliey still hold together in a 
firm mass. 

II is probable that the a.sphalt used by the Habylonians was dervied from springs 
similar to the ones still found in Mesopotamia, of W'hich Fig. 0 is a typical example 

Fig, It) shows the present appearance of the brick floor of Nebuchadnezzar’s 
'I'lirone Hall, Habylon, looking towards the Euphrates. The burnt brick.s bearing 
the name of Nebuchadn<*zzar (of which one is shown in the foreground) were laid 
ill tt-sphalt, and are still so firmly jointed together to-day, that it is impossible to 
part them without destroying their integrity.* 

About 460 B.C. -Herodotus of Persia. The Persi.m Herodotus in 
his “Historiarurn,”- published about 450 b.c., refers to several sources uf 
Persian asphalt. In describing the springs of the Island of Zante, lie 
writes: “ I have myself seen the pitch drawn up out of a lake, and from 
wafer in Zacynthus; and tliere are several lakes tlierc; the largest of them 
was 70 ft. every way and 2 orgyoc in depth; into tliis they let down a 

* Sational Ofographif Mapasinf, Feb-, 1016, i9, pp. 130 and 151. 

* VtilxiiHc- I. Ktulti. p ll'.l, .iikI (’lio 179, aUu Volume IV, p lO.*) 
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pole with a myrtle hrancli fastened to the end, and then drew np tlie pitch 
adhering to the myrtle; it has the smell of iisjihaU; bnt is in other resix'cts 
Ix'tter than the pitch of I’icria.” Herodotus also mentions the fact that 
lumps of asplndt are carried down hy the wtiters of the Is, which disehargj'S 
into the hiuphrates at the City of Is, alxnit eight days’journey from Hahy- 
lon. It is prohalile that the City of Is referred to hy Herodotus eorre- 



Frofii ■■ I.iKlif i>Ti flu* Ti-Hfan oiH,” by I’rof. A, T, ClBy. 

Fk;. - Aspliiilt Spri’ij; in 

sponds to tho present eity of Hit, where bitumen is still found in eon- 
siderable ciuantilies. (S(‘e p, 12().) 

IltTotlotU'' iilvo vjuics '• \t .\r(lcricc;i iieiir Siis:» is a well wliicli proiiiicoH throe 
ilifToront siih-Janco's. since risphalt, sail and oil arc ilrawn up from il, . . , It iis- 
<iimos tho^o dilfcront forms- the a.-ph .’r and the salt mmuMhatolv iKTorno solid, 
but the oil thc\ collect anti the I'erMiins call i( Hhatiuiance; it is black and 
emits a stroiiK odor,” At Idam m the* peivince of Susiaiia in Persia, asphalt is 
^till collected m this mule manner llerotlotus was the first to descrilxj i)ctrolcum, 
of winch he states an occurrence cmsI(>iJ at Kirab, Persia. 

About 430 B,C, Xenophon of Greece, The Greek Xenophon (about 
430 B.c.) in his work “Anabasis” ' describes a wall built in Media com¬ 
posed of burnt bricks laid together in hot asphalt as the cementing medium. 
This apparently is similar to the method of construction used at Babylon, 


• Hook n, Chapt^'f IV, Horiion 12. 
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About 400 B.C.—Hippocrates of Greece. The Greek philosopher and 
physician Hippocrates, in his treatise " On Airs, Waters and Places,” 
refers to several of the asphalt deposits already mentioned. 

• About 360 B,C.—Aristotle of Greece. Aristotle refers to “ Asphalt ” 
in his works* and describes the well-known Allianian deposits still found 
on the eastern shore of the Adriatic Sea (.see p. 00). 



Copyri{{bt by UiidurwotAl & Underwood, N. Y. 

Flo. 10.—Floor of Nebuchadnezzar’s Temple sis it Apijeais To-day, Showing Blocks 
Joined by Means of Asphalt. 

About 260 B.C.—Hannibal of Carthage. Hannibal, who lived in 
C'arthage alxtut 2.50 B.c., is given the credit of having used asphalt, and 
possibly also mineral oils in compounding the so-called “(Ireck Fire” 
(“ Ign® Vestoe ”). This was used in warfare, and was claimed to burn so 
fiercely that even water would not extinguish it. 

»"0e MirsbiUbus AuBCultationibun,” Chapter CXXVn. Edition of F, Didot, 1857. 
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About 80 B.C.—Diodorus Siculus of Sicily. The historian Diodorus 
Siculus of Sicily,* upon referring to a peculiar manifestation which occurred 
in the Dead Sea, informs us that large masses of asphalt became detached 
from the bottom, and on account of the unusual amount of salt in the 
water, floated to the surface, forming small islands. Diodorus states fur¬ 
ther that l)efore the apix'arance of the asphalt, a very strong odor was 
noticeable which darkened eopix'r, silver and other metals, 'I'liis was 
undoubtedly the result of voleanie action or earth(|uake .shock. lie also 
refers to the fact that in constructing the walls of the City of Media, the 
stones were cemented together with asphalt, as previously noted by 
■Xeitophon. Diodorus slates that the natives gather asphalt from the 
Dead Sea and carry it to lOgypt where they .sell it to lho.se who make a 
profes.sion of embalming laulies, Ix'cause “without the mi.xiure of this 
material with other aromatics, it wouhl Ih‘ difliciill for them to preserve 
Ihe.se for a long tune from the corruption to which they are liable.” 

About 30 B.C. Strabo of Greece. Strabo, who also lived about this 
lime (31) ii.c.), in his book the “ (leographica refers to the .same mani¬ 
festation, in which the surface of the Dead Sea suddenly Ix’came very much 
di.'turlK'd and large masses of asphalt lloaled to the surface. Strabo 
re|X)rls that the asphalt which rose to the surface first appeared in a 
molten condition but soon .sohdified. lie td.so mentions an occurrence 
of asphalt in Habylon, close to the liiver iMilihrales, probably the same 
as previously described by others. 

About 26 B.C. Marcus Vitruvius of Rome. 'I'he architect, Marcus 
Vitruvius, who lived alaiul the tune of Chri.sl, also reported the presence 
of asphalt in the neighborhood of Habylon, which he describes as la'ing of 
a li'piid consistency. ' 

We h.ave .similar accounts from other writers who lived in the first 
century, including the (Ireek I’lutareh,' Flavius Josephus the Homan,'' 
Tacitus of Home,'' and others. 

About 60 A.0. Dioscorides of Greece. In his book entitled “ Materia 
Mediea ” we find an accurate description of the occurrence of asphalt in 
the Dead Sea, referred to by linn as /.«/.■< .1.vp/Kd(//e.s.' He also deserilx's 
a compound of pitch and asphalt termed “pissasphaltuin”" lie adds that: 

’Bibliotht'cs,” Book XVI, Chitptfr 4H, B'lok I, 1 II, ChiipltT XXIX Also “IIinI I'liivera**,” 
Book VI. t XIX, rhiiin*r XX\ 

* Volume XVI. Chaplets I, II. nixl XII. Volume I. Chapter XVI, Frertch trtiii»lation by 
Caaal, XIV, p 065. 

•"D# Arohitocttirs,” Volume VIM, t’hiiplfr III 

• " Life of Sylla ” 

‘■'Jewish .AiitKiuitics," B(M>k I, Chiiplers |\ and XX, also “Jewish Wars." Hook IV. 

•■'The lliAtoiiea,” Volume V, p t» 

’ ■■ Materia Mediia,'' 1, 1<W. V. Ho. XIX, 'Jh, Kuhn I.Hamie, Saiueeii, l.'i'fH 

*'■ Materia Mediea.’’ 1, KW 
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“the naitie AMmta ia (jivon to the driin calleil ‘Bitumen of Judea,’ and to the 
MOmtu of the tombs found in great quantities in P.'gypt, and which is nothing more 
than a mixture which tlie Byzantine Creeks used formerly for embalming their 
dqjid, in order that the bodies might remain in the state in which they were buried, 
and experience neither decay nor change Bitumen of Judea is the substance which 
is obtained from the Asplialtite Lake . . 

About 100 A.D. Pliny the Elder of Rome. Pliny the ICIdor of Home, in 
his treati.so “Niitiinilis Ilisloria” wiitton alioiit the year 100 a.d.,' makes 
the interesting ohsci v.alion tliat “ lietil asphalt must be glossy and black, 
otherwise it is adnlteraled with pitch.” lie thus appears to have under¬ 
stood the dilTerence between asphalt whieh occurred naturally, .and adulter¬ 
ated mixtures containing pine pitch. He notes - that the Homans were in 
the habit of coating their images with asphalt to protect them from the 
weiither. This eorres|)onds to the present day use of .asphalt paints for sim¬ 
ilar pur|>oses. Pliny describes the use of asphalt for medicinal purixises 
and rt'commends it for curing boils, inflammation of the eyes, coughs, 
asthma, blindness, epilep.sy, etc. It was sold exten.sively under the name 
“Mummy,” and we are informed th.at the asphalt so used was actually 
scraped from the mummies taken from lombs. Its alleged curative proper¬ 
ties were explained by the fact that it |)reserved the dead for so many 
centuries. 

About 1300 A.D.-Marco Polo of Venice. Marco Polo at the end of 
the thirtt'enth century descrilx'd seepiages of liquid asjihalt at liaku on 
the Caspian Sett.' He also mentioned the existenee of an ancient fire 
temple erected about flaming streams of gas and oil, whieh we are informed 
constituted a place of Hindoo pilgrimage. 

1636. Discovery of Asphalt in Cuba. In the “ (leneral History of the 
Antilles ” by (i. h’. Oviedo y Valdes of Spain, imblished in l.')3.^), we find a 
description of a spring of semi-lhiiiid asphalt in the Province Puerto Prin¬ 
cipe, near the coast, which w.as used for painting the hulls of ships. An¬ 
other occurrence is mentioned on the shore of Havana harbor, used for 
similar purposes (p. 107). 

1696. Discovery of “ Pitch Lake ” at Trinidad by Sir Walter Raleigh. 
In his Ixiok, the “ Dis(»verie.s of Ouiana,” Sir Walter Raleigh gives a 
record of his voyage of exploration to the east coast of South America 
in 1,50.5, wherein he describes his visit to the Island of Trinidad, and gives 
the first account of the so-called “ Pitch Lake,” (sec p. 108). 

1601. First Classification of Bituminous Substances. Andreas Libavius 
refers to the uses of asphalt, and classified it with mineral oil, amber and 
pitch. He endeavored to trace the connection between asphalt and 


• Volume II. 


• Book XXXV. 


• Book 1, Chapter III 
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polroloiim, and gives a record of the earliest literature on asphalt including 
the works of Pliny, Dioscorides, Hip|)oerales and others.' 

1666. Early Dictionary Definition of “Bitumen." In one of the earliest 
dictionaries of the English language, “ Hlount's (ilos.sary,’’ bitumen, is 
defined as: 

"A kind of cliiy or.slinu* niitunilty rliunniy. like pitrli, irroaina in certiiin countries 
of .Asm " 

It is interesting to note the connection Is-tween this interpietalion of the 
word, and the referetice to ‘'slime" and " shinejiit ’’ in "tienesis" 
(loc. cit.). 

1661. Commercial Production of Wood Tar. The earliest refeienee to 
the production of wood tar on a large scale by the dry di.stillalion of wood, 
occurs in Hoyle's Chemislra Seepliciis," Itltil. This industry is saiil to 
have Iksui first practiced in Xoiway and Sweden. 

1672. First Accurate Description of Persian Asphalt Deposits. Hr. ,1. 
Erver accurately describes the occurrences of asphalt in the East Indies 
and Persia, in his book " Nine A'ears’ Travels " (ItlT'i IliSI).- 

1673. Discovery of Elaterite. The first de.scription of Elaterite, origi¬ 
nally found at t'asllcton in Derbyshire, England (p l.'ill), under the 
name " Elastic Hituinen,” is given by l.ister in the /’/ii/iwep/iicn/ Miujaziuf 
<111(1 JoiiriKil of Science, Isinilon, lli73. 

1681. Discovery of Coal Tarand Coal-tar Pitch. In a patent taken out 
in England on .August lU, ItiSl, by Itecher and Serle, entitled "A new way 
of Makeitig Pitch, and Tarre out of Pit Coale, never before foiintl out or 
Used by any other," we find the lii .t description of coal tar and coal-tar 
pitch, lus well as their iiiethoils of iiroduction. 

1691. Discovery of Illuminating Gas from Coal. Dr. .loliii Clnyton, 
dean of Kildare, hinglatid, experimented with the inflammable gas ob- 
t.ained on heating coal in a closed retort. He filled bladders with this gas 
and deiiionstrated that it burnt with a hiniinotis flame. 

1694. Discovery of Shale Tar and Shale-tar Pitch. English Patent 
No. .330, of ItiO-l, entitled " Pilch, Tar and Oyle. otil ota kind of stone from 
Shropshire,” granted to Hancock and Porllock, contains the earlie.sl record 
of the manufacture of shale tar and shale-tar pitch. 

1712-1730. Discovery of Val de Travers, Limmer and Seyssel Asphalt 
Deposits. The asphalt deposit in the \ al de 3'ravers in the .litra Moun- 

>*’8inguUrium AmlrctP I.ibftMi. '-'-nt Vltl lihroit hitutiniitirn ft HiBnum hintorirf, plivsiff, 
fhymice, de Pftrolfjf, Aitibrn, UMlogiirillKi, Sintiim. fJflgotf, Aiiph«ltf>, PiHu-ftgphaho, Mumie, 
Lithanthracf ” Frankftirt. P K«>pff 

»P. 318 et wt4. 
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tains, Canton of Neuch&tel, Switzorland, was discovered by the Greek 
Doctor Elyrinis d’Eyrinis in 1712, and described in detail.' 

Some give Eyrinis the credit of having likewise discovered the Dimmer 
asphalt deposit near Hanover, Germany, in 1730, but this has not been 
definitely established. A third discovery of asphalt by Eyrinis, in 1735, 
at Sey.ssel in the Rhone V'alley, Department of Ain, France, proved to be 
one of the most important de|)osits in Eiiro|)e. This has lx‘en worked 
constantly up to the pre.senl: time, and will be described later (p. 110). 

1746. Invention of the Process of Refining Coal Tar. On August 7, 
1740, a patent was granted in I'lngland to Henry Haskins diselosing: "A 
now method for extracting a spirit or oil from tar, and from the same 
process obtaining a very good pitch," con.sisting of our present process of 
fractional distillation in a closed retort connected with a worm con¬ 
denser. 

1777. First Exposition of Modem Theory of the Origin of Asphalt. In 
his “EMmenIs de Mineralogie,” published in 1777 LeSage'* classified bitu¬ 
mens in the sequence; “ Naphtha, Petroleum, Mineral Pitch, Maltha and 
Asphalt,” and regarded them all as originating from iretroleum oil. This 
elosely conforms to the modern views regarding the classification and origin 
of bitumens. (See p. 55.) 

1788. Discovery of Lignite Tar. Kriinitz in 1788 referred to the pro- 
diKdion of “a tar-like oil" upon destructively distillating “ e.arth coal" 
(lignite). This was virtually the first description of the manufacture of 
lignite tar. 

1790 1800. Discovery of “ Composition ” or “ Prepared ” Roofing. 
Admiral Eaxa of Sweden'' is given cnslil for having produced the first 
prepared roofings between the yc-ars 17!:f) and 18l)() in the following crude 
manner; the roof boards were first covered with plain paper, which, 
after being nailed in place, wa.s coated with heated wood tar to make it 
waterproof. 

.\ newspaper published in leipsie in the year 1791 eredit.s Miehael Kag of 
Mtihldorf, Bavaria, with having produeivl an improved form of prepared roofing by 
saturating raw pajier with varnish, anil coating the surfaces with a mineral jiowder. 
'I'he product was also recommended as a substitute for leather in the soles of shoes. 

1792-1802. Manufacture of Coal Gas and Coal Tar on a Large Scale. 
Win. Murdoch, of Englmid, was the first to manufacture coal gas and 
coal tar on a large scale. 

> "DisAPrtfttion stir Tasphulte ou cim«*nt nalurel, decouvrrt depuis QUPlfuiPfl ann^ca au Vnl de 
Travera ” Paria, 172!. 

*Voluntp H. p 96. 

•E, l.rthmann, *'Die Fabrikation dcr Dachpsppe und dor Aiistriohmos^* filr Papptidober,” p 1, 
VJoiiDU, Budapost and IsOipiig, 1863. 
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1797-1802. Exploitation of Seyssel Asphalt in France. M. Socrcfan 
obtained a concession from tlic Frcncli (iovcrnmcnt to work tlic a.sphalt 
dcpo,sits at Seyssel on the llhone, I’ranee. Tlie venture, liowever, did 
not prove a sueeess. The d<‘ix)sit was next taken over by t’ount do 
Sas-senay, of France, in IS(12, and actively exploited. A laboratory was 
erected to investipale the rises of this a-sphalt, which wius marketed in 
France under the name " Hock a.sphall mastic," and usi'd for surfacing 
lloors, bridges and sidewalks, also to a limited extent for waterproofing 
work (sec p. (171). 

1816. Commercial Exploitation of Coal-tar Solvents. In IS!,5, 
F. .\ecum, of luigland, obtained "najihtha” by subjecting coal 
tar to fractional distillation on a commercial scale, This distillate wa.s 
used in the manufacture of India rubber goods, for burning in o|H'n lamps 
and for certain kinds of varnish. The tar which remained behind had no 
particular value and was accordingly consumed a.s fuel, 

1822. Discovery of Scheererite and Hatchettite. The mineral wax 
.'schei'rerile was discovered in a bed of lignite (brown coal) at Friinch, 
near St. (lallen in Switzerland, by ('a|)tain Scheerer, in lK2:i. In the .-ame 
year the mineral wax hatchettite or hatchetine ()>. 78) was dis¬ 
covered on the borders of Imch Fync, in Argyllshire, Scotland, and was 
named after the Fnglish chemist, ('. Hatchett. 

1830. Discovery of Paraffin Wax. The discovery of paraffin wax is 
credited to Carl von lieichenbach, of .Stuttgart, (lermany, who was the 
first to describe its physical and chemical proix'rlics.' He derived the 
material from lignite tar and christened it “ Paraffin ” (Parum Affinis), 
because of its unusual resist.ance to chemicals. 

1833. Discovery of Ozokerite. The first reference to the mineral wax 
ozokerite (p. 74) was by (llocker- in Sebweitzerische Apotheker-Zeitung, 
1833, 69, 215, He discovered it near the town of Slanik in Moldavia, close 
to a deposit of lignite at the foot of the Carpathians. It was named from 
the (Ireck words signifying " to smell " and " wax,” in allusion to its odor. 

1836. Asphalt First Used in London for Foot Pavements. In 183() 
we first hear of Seys,sel asphalt lieing introduced from France to London 
for constructing foot paths.^ 

1837. Publication of First Exhaustive Treatise on the Chemistry of 
Asphalt. The well-known treatise “ MCmoir sur la comiiositioii des 
bitumes " was published by J. IL Boussingault in the year 18.17. It 
was the most exhaustive treatise on the subject which had yet appeared.'* 

>J. Cktm. phyi., 1830, ••. 436. 

* “ A SyslPm of MmernloKy," by E. S. Dana, p. 098, Nvw ^ nrk, 118 ) 0 , 

* Danby, loc cit, p 54. 

‘Awn fAim phyx. 1817,64, 141 Tranalafod in "AaphaH Pavina,” pp. 107, by the Com- 
nii&8ion<’r!i of AccotitiM nf the City of New York. Fvb 3, 1004. 
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1838. Discovery of Process for Preserving Wood with Coal-tar Creosote. 
In 1838 Bctiicll discloscil tlie use of coal-tar oil for impregnating wood.' 

1838. Asphalt First Used in the United States for Foot Pavements. 
Tjic earliest case on record of rock .asphalt h^ing u.sed in the I'nited States 
for sidewalks is in the portico of the old .Merchant.s' hixchange Building, 
Philadelphia, in 1838. .Sey.s.sel .asphalt was used for this pur[)Osc. 

1842. Discovery of Bituminous Matter in the United States. In 
1842 appeared the first report of an asphalt deposit in the United States. 
It was entitled “ Indurated Bitumen in Cavities of the Trap of the C'on- 
nccticut Valley.” ^ 

1843. Bituminous Matters Discovered in New York State. L. C. 
Beck, in 1813, wrote a paper on the occurrence of bituminous matter in 
several of the New York limestones .and sandstones." 

1860. Discovery of “ Asphaltic Coal ” in New Brunswick, Nova 
Scotia. C. T. Jackson puhlishcd the first account of Nova Scotia “ albcr- 
tite ” in the years 18.al)-18.')1. It was described as “ Albert ('o.al.”' 

1864. First Compressed Asphalt Roadway Laid in Paris. In IS.'il a 
short stretch of conrpressed I'ock asjrhalt roadway was laid in Paris by 
M. Vaiidry.'’ This, we are told, was the outcome of observations prcviou.sly 
made by a Swiss engineer, M. Mcrian who in 1810, noted that fragments 
of rock asphalt that fell from the carls transporting the material from the 
miiK' at Val de 'Travers, to tla^ nearby vill.agc, became compressed in 
summer under the wheels into a crude pavement of asphalt. Mcrian 
thereupon eonsirueled a small experimental .stretch of roadway eom- 
paeled with a roller. 

1868. First Modern Asphalt Pavement Laid in Paris. Irj IS.a8, the 
first large area of asphalt roadway was constrni'led on the Palais Royal in 
Paris. It was einnfro.scMl of a foundation of eoneri'li' li in. thick surfaced 
with rock asphalt mastic olitaincd from Ihi' \'al di- 'Travers deposit, eom- 
pres.sod to a layer about 2 in. thick. 'This constituted the (‘arlicst use of 
sheet asphalt pavement in its modern form. 

1863. Discovery of Grahamite in West Virginia. 'The first account 
of the W'est Virginia gridiamile deposit is given by .1. P. Lesley.'’ 'The 
material was described as a rock asphalt, but was later named “gra¬ 
hamite” by Henry Wurtz, in honor of the Messrs. (Irahani, who were 
largely interested in the mine. 

‘•‘Dil* Ohomip iind Trolitiolojiii* dt-r Niifilrliclipn iind KilnsflirJirD Asithaltf,” by K«hlf'r-(*racff', 

pp. 21 Hru»ii»'*'diwt'iK. 1012 

• J Ci IVroivut. “ Hfport on th«* (ioolony of Coiinfftirnt," Am J Sc%, 1SI2, IS, 130 

• Am. J. Sn . isM. 14, 335 

*Proc. liofUm AV Sat . 1«.W. pp 270, nlfo .tw ./ i . l^.■.0. t. XI. 20i; XIH. 27fl 

►Sw "AMplialiji.'* bv T H Hoonniin. pp 11. N Y. 100 .'^ 

• Prve. Am. Ph\t Soc., 183 Philadplpbia, March 20, 18(K1 
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1869. The First Compressed Asphalt Pavement in London. The 
first stretcli of asplialt roadway in l-ondoti w!i,s laid at Thrcadta'c'dh' Stiwt 
near I'ini'li l.aiio in May, IStitl. It wa-s i'oin|H)s(‘d of \al dc Travers 
rock asphalt.' 

1870 6. First Asphalt Roadways in the United States. Some nive 
the Helfjiiim ehemisi, K. .1. l)e Smedt, credit for havinp laid the first roek 
a.sphalt roadway in the I'lnted States, eontendniK that in lS7t) a small 
exiXM'imental stretch was laid with eotitinental asphalt opposite the 
City Hall in Newark, N. .1. .Veeordinp to Hc.oiman,- the first pavement of 
any eonse(|neni'e in the Ciiited Slates was laid in 1.S7L’, at I'liion S(|nare, 
New York City, eomiiosi'd of Val de Travels roi'k asphalt. Ill I.S7li. four 
city hloeks of N'eiiehalel asphalt iiavemeni were laid on I’eniisylvania 
.Avenue, W'ashinptiai, D. C. 

1879. First Trinidad Asphalt Pavement Laid in the United States. Ac¬ 
cording to lliehardson " the first sheet asphalt pavement of Trinidail a,sphalt 
to he laid in lh(‘ United Stales was lai I’eniisylvania .Avenue, Washington, 
1). ('., in I he year lH7li. 

1881. Use of Chemicals for Oxidizing Coal Tars and Petroleum 
Asphalts. The first aiiniihlc disclosure of the process for “ oxiiliziiig ” 
hiluniiiioiis materials was hy De Smedt (see p. 'JK7). This process 
consisted in evaporating coal tar or asphalt in eonlael with siihslanees 
eapahle of iiidiieiiig ovtilalioii (siieli as jiotassium permanganale), "to 
give them gretiler leiiaeity and lender them, or the pavement, or other 
compositions in which they enter, less hrillle and less liable to he alTecled 
hy air or wtiler.” (.''ee p. 

1886. Discovery of Uintaite (Gilsonite) in Utah. Cilsonile, first known 
.as “uintaite,” was discovered in the Uinta A'alley near Uorl Diiehesne, 
Utah, ill ISS.A. It was first diseiihed hy W. I’, lilake,' and was later 
called “gilsonile," after Mr. U. II. Cil.'on, of f^all Lake City. 

1889. Discovery of Wurtzilite in Utah. W. P, Plake snh,se<|uenlly 
discovered a dejKJsil of wurtzilite not far from the source of gilsonile in 
tile Uinta A'alley, AVa.salch County, Utah, helween Salt Lake and the 
Aalley of the (Ireen Hiver.' It was named after Dr. Henry W'uriz of 
New A'ork. 

1891. Exploitation of the Bermudez Asphalt Deposit, Venezuela. 
According to Koliler-( Iraefe,'’ the liermudez asphalt de|)osit in Venezuela 
was first developed in the year IWIl hy the New A'ork-Beniiudezt 'oinpany, 

• Dnnhy, loo oil , pp fiO 

• l.oc oil . p II 

‘‘•TnmrlRd ami Borniudot Lake Aaphalt-." pp Bnrix-r Aeplialt Paviii* (’<> Pltiladolplus. 

‘ Eng Mtntng J , 40, 4.II ISH5 

^ Eng Mining J , 4t, .'>42 JHh(K 

• 1,00 oit , pp .'14 .'I.') 
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and subsequently taken over by the Barber Asphalt Paving Co. A 
search of the literature fails to reveal when this deposit was first discovered. 
The first pavement laid with this material was on Woodward Avenue, 
Detroit, Mich., in 1892. 

1894. Use of Air for Oxidizing Petroleum Asphalt. A further devel¬ 
opment of the De Smedt process for oxidizing petroleum asphalt was 
brought about by F. X. Byerley, of Cleveland, 0., who blew air through 
asphaltic oils maintained at a temperature of 600° F. The resulting 
product, marketed under the name of “ byerlyte,” attained great pop¬ 
ularity. (See p. 287.) 



CHAPTER II 

TERMINOLOGY AND CLASSIFICATION OF BITUMINOUS 
SUBSTANCES 

One of the most baffling problems with which we have had to deal in 
recent years is fixing the definitions of the various bituminous substances, 
and the products in which they are used in the arts.' 

The words “ bitumen,” “ asphalt,” “ resin,” “ tar,” “ pitch,” “ wax,” 
have been in use for many centuries, most of them long Ix'fore the advent 
of the English language. At first, very little was known regarding the 
properties of these substancs, and, as a result, the early writers used these 
terms loosely, and, in many cases, interchangeably. It is probable that 
each of these words at first related to the aggregate eharaeteristics of some 
typical substance closely associated with the processes of daily life. As 
nothing of the chemistry was known when these terms originated, they 
were at first differentiated solely by their phynkal characteristics. 

The words originally had but a limited meaning, but us new sub¬ 
stances were discovered, they were extended in scop<^ until the various 
expre.ssions completely outgrew their former bounds. 'J'his resulted in 
a certain amount of overlapping and ambiguity. 

As the chemistry of these substances gradually Is'cana' known, this 
means was likewise adoptcil to difb'renliate iK'tween them, but we are still 
comiKlled to rely principally upon the physical characteristics, in arriving 
at a rational basis of terminology, as their chemistry has been unrav¬ 
elled to but a limited extent. 

In defining a substance, we must rely on one or more of the following 
criteria; 

Origin, Solubility, 

Physical Properties, Chemical Composition. 

' Unlortunatcl.v. at the preaent lime th<Te is no uniform or etandard oyalem of nomenelatura, 
atul no two authorities agree on this siihjeel. see "Natural Asphaltuni and its Coniponnds. J. W. Ui'W* 
aitj, Troy, N. Y.. Ift04; "Aflphalt, fta Orrurrfoor, CoRiposition, Adullerfctioni. ftod CummmiM 

with Schemes for iU AnslyitiB,” T. B StjUmsn, Sttmt InUiluU Indicator, II, 389, 1904; 
tl. 46, 1905; Am, Hoc. Tt»i*ng MaUrxaU, tHandards for, lUlfi; pp. 594, Proe Am. Soc. Tetting 
Matrrioln, If, Part I, 694. 1916. V. S Departmeot of Asriculture, Offles of Publis Roads, Ctr- 
fular ffo. 93, 1911; The Engineenn* Standards Committee’s Report on “British Standard Nomen¬ 
clature of Tars, Pitches. Bitumens, and Asphalts, when used for Road Purposes," Undon. April, 
1016: "The Modern Asphalt Pavement," by riifford Richardson, pp. 111. New York, 1908; “The 
Classification of Bituroioous and Resinous Substances," by Herbert Abraham, /. Ini. Bng. Chtm., 
9, 11, 1913. 
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The last three can be more or less readily ascertained from an 
examination of the substance itself. The origin, however, is not always 
apparent, but in certain cases may be deduced by inference, upon in¬ 
vestigating the physical properties, .solubility and compo.sition of the 
substance under consideration. To base a definition solely upon a state¬ 
ment of the origin of a substance would necessitate some prior knowledge 
concerning its source or mode of production. As such knowledge is not 
always available, a definition of this kind would be very limited in its 
scope. Unforlunalely, tliis plan has often been followed by many of the 
leading technical .societuw in this country and abroarl, in fixing the defi¬ 
nitions of bituminous substances. 

A far better method consists m basing the definition upon the inherent 
characteristics of the substance, so as to permit of its idenlification with¬ 
out nece.ssarily having prior knowledge concerning its origin. 

The four cardinal features forming this latter basis of nomenclature 
may be further elaborated as follows; 


Origin 


Phyflioftl 

ProprrtH'ft 


Niitivo 


TABLE I 

MiiHTnl 

Amriial 


I’vrdK'Nious 


Evaporalton (frarlional (li-ttillution) 
Di'^trtjpfivo tlHtillittion 
ilCAtlllK HI II flllHCci \<‘.ssp1 
IBowuig willi air 


Color in Maha 


I.mht (wliifc, yc'llow or brown) 
Darlv (Itliit'k) 


('oaxHlr-TICV 
or IIiinliH's^ 


I.irpilil 
\ inrotis 
Scllll-Aolul 
Solid 


Fracture 


Conclioidal 

Hackly 


I.ualre 


FpcI 


[ Wiiity 
t Hc'^iiious 

( Dull 

Ailhcpcnt 
Non-iidhcront 
Ibiciiious (waxy) 


Volatility 


/ Dily (pctrolcumdike) 
\ Tarry 

J Volatile 
\ Non*volatile 


Fusibility 


Fimible 

Difficultly futtible 

InfuBiblc (melts only with decomposition) 
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TAHIi: 

{ Noo*ruinoral ronsUlucitts ui rurtxm ilinulphulf* 

Disiillati* ai JOO to C. iii sulphtiric (i r, " aiilphoQttion rcftldue”) 

j Hvdror.vhons (('ompouritlt rontaiiunK rttrlH>n and hydrogen) 

I tU\K‘‘ii.Uiti lK>du-(i (('oiii|KFuii«|i( toiMnmiiig rurlioti, hydrogeu, anti otygtn) 
j ('r\‘•(iilluahU- i>arurt)ii<‘< (i r\'•i-itiue at low teniiMTaturcii) 

( Mineral matU-r uuorgaiu* subslaiiocs). 

In Table II on p. 22 the prineipal types of bitnniinoiis substances 
are elassilieil aeeonling to the features emmieratetl in 'I'able 1. 

The definitions wliieh follow are luosed upon this classification. 
Althottgh reference is made to the origin of the substance, nevertheless, 
this i- but iticidetital. titid with the exception of the generic tertiis, tile 
definitions would 1 h' explicit even though this feature were omitted. 

Bituminous Substances.' A elassof native and pyrogenous" substances 
containing bitumens or pyrobitumens, or resembling them in their 
phy.'ieal pro|X'rties. 

Nens 'I'liis (Ic'fiiiitinn itn-liulc'.. I.itiniK'ii.c. pyrolcitiimiais. pyregenous clislillnten 
(pciogciious \'u.\e.' and tars) and p^^l>gc■ncrtl^ li Mduo (intches and pcriigenous asphalts). 

Bitumen." generic term tipphi'd to native substances of variable 
color, hardness and volatility; eoiiiposed of hydrocarbons substantially 
free from oxygiaiateci bodit's; soiiu'titiies associatc'd with miniM’al matter, 
the iion-iiimeral const it neiits being fiisihk and largely noluhlr in carbon 
disulphide; and who-e distillate' fniettoned between liOD and li.'ll)'’ C. 
yields coniiidtrahtc siiIiiIioiuiIkiii nsidnc. 

Noti. 'rhis dc'tinitlcm inchides pc-ticilcnnis, naliec’ aspliall.s, native iiiiiic'ral wcxc's 
and asphalt lies 

Pyrobitumen.' geiierie tenn. apiilied to native siibstanees of dark 
color, eomparalively liaid and iMni-volalih*; eoiiiposed of hvdroearboiis, 
which may or may not eoiitain oxygenated bodies; Mimc'limes associated 
with niineral mailer, the iioii-tiiiiieial eoiislitneiils being infiisdilf and 
relatively iiistilidili' in carbon di'iilpliide'. 

1 Tlif ixipo i.f l}i<- wnri "hitiiniUKiti''” i" Ki-'tl on lli«- rotimioiilv nrroptfrl ifiti-rpri’tmion of 
till- Hiillix ■■on-*," -ijtnif\ifig ill to 111111,1111, i.'i (11 risieiiMo, lo pitriHitf of llio iiMtnn-, fo have 
III* Munlitti-* to (i . -ilic I.ois t Dtiliiiiiinit nil! i nr r< '< titl.liiig •ilifii, r<siiiioirs roiiluimiiK or r*-wiiil*lnig 
rc-in, uliamiiiirjs rontaiinmj r« ntlilmi: ml . . 1 < nrion- twniiHUiiiiK <*r r*-Kcml»ling Niim- 

Urly. the vii.r.l "l.itumiii««s” h ron-mi.il to inilu.li- tojlidtaiir.-i*. .iihor rot,tut/ iiion* or l<M 
bitumen (nr p\r.iliUiitneiii, t.r '-lio- r>--> mi'Uuo llietn m l)i< ir app* ariiiii-** or tpmlMK-H 

* The cxpr«-i.'i(.i» ••pyrogenoiH" hhj.Ik t ihit the sultNlai.re was produced by means of heat 
or fire 

*The interpretation of the term '•hitum.-ti" ih < mi.loved m thi' tr atise is eiilir'-lv disassoeinted 
from the idea of solnMUy fin eert.iin -oUi ntH for hsdroeHrlions), and has no eoimeition whatstiover 
with the inappropriate expr«-*.'ion ‘'total hHunM-n,” iiwd in many contemporary test-book* to 
diKimiale the aiiiotiiit «.*luble in rarhon .li-nlphul.', and whieli uiifoitunatelv la largi Iv respr.iieilile for 
th« fxmtini: eonftiHii*!) in the terioiiiolok'V 

‘Tin- <xpr*-K>i|oti •pvrohUiunen" iiiipliew that the Mjlistanee vklufl stil)ji'*‘le*l to heat or fir*' Will 
itemrule, or luroine tr.iimfniiii-Tl inio l.-Klien >• **• inhliUK l•lllltnenH (in then solubility and physieal 
projx rticsi 


i'8olubi)ity 

Ch emieal 
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XoT£. This tlehnitton inrlwtes the asphaltic amt min-asphalticpyrohitiimens, and 
|hcir respective aliales. 

I Petroleum. A species of bitumen, of variable color, liquid eonaisleiicy, 
having a characteristic odor; comparatively volatile; compttst'tl of byili»- 
Wltons, substantially fret' from oxygenated Ixxlies; soluble in carlx>n 
{disiilpbide; and whose distillate fractioned iM'lweeii 300 and 350° 
yields considerable sulphomition residue. 

Note. This definition inriutles non-asplialtic, mked-baae and asphaltic itetroleunis. 

Mineral Wax. A term ttpplied to a spt'cit's of bitumen, also to certain 
ipyrogenous substances; of variable color, viscous to solitl consistency; 
'having a characteristic lustre and unctuous feel; comparatively non-volatile; 
'Com|K)sed of hydrocarltons, substantially free from oxygenated Isalies; 
containing considerable crifstaUizahk parallines; .sometimes associntt'd 
'^wilh mineral matter, the non-mineral constituents Ireing easily fusible and 
aohible in carlwm disulphide. 

, Note. This liclinition is applicit to native mineral waxes and pymgenous waxes. 
Native mineral waxes ineliide o/okerite, innntan wax, etc. rynigenous waxes include 
the solid paralfines .separated from iion-aspliidtie and mixed-luise {a'troleums, |K'at 
tar, lignite tar and shale tar 

Asphalt. A term applied to a sjiecie.s of bitumen, also to eertain pyro- 
getiotis substances of dark color, variable hardness, comparatively non¬ 
volatile; composed of hydrocarbons, stibslantially free from oxygenated 
bodies; containing relatively little to no crystallizable paraffines; some¬ 
times a.ssociated with mitieral matter, the non-mineral constiluents being 
fusible, and largely .soluble in carbon di.sulphide; and whost' distillate 
fractioned lietwcen 300 and 3.')0° ('., yields considerable siilplioiiation 
residue. 

Note. This ilefinition is applied to native asphalts and pyrogenniis asphalts. 
Native irsphalts include a.spludtH ncciirring naturally in a pure of fairly pure state, also 
a.splialts aasncialed naturally with a .sulistaiitial pni|H>rtioii nf mineral matter. ' I’yro- 
geiioiis .asphalts include nx-idiies nhtairied from the ilislillation, blowing, etc, of [wtai- 
Iciims (e g., re.sidual oil, blow'n asphalts, residual asphalts, sludge asphalt, etc.), also 
from the pyrogenous treatment of wurtzihte (e.g., wurtzilite asphalt). 

Asphaltite. A species of bitumen, ineluding dark colored, compara¬ 
tively hard and non-volatile solids; composed of hydrocarlxins, sulistan- 
tially free from oxygenated Ixidies and crystallizable paraffines; sometimes 
imsociated with mineral matter, the non-mineral constituents lieingdtjficuWy 
fusible, and largely soluble in carbon disulphide; and whose distillate 
fractioned Ixjtween 300 and 3,50° ('. yields considerable sulphonation residue. 

Note. This definition includes gilsonitc, glance pitch, and grahamitc. 

* Oft«n termed "roek asphulUt " 
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Asphaltic Fprobituinen. A species of pyrobitumen, including daik 
colored, comparatively hard and non-volatile solids; composed of hydro¬ 
carbons, avhstarUially free from oxygenated bodies; sometimes associated 
with mineral matter, the non-mineral constituents being infusible and 
largely insoluble in carbon disulphide. 

Noth. This definition includes elaterite, wurtzilite, all)ertite, imf^nite and the 
asphaltic pyrobitiuninous shales. 

Non-asphaltic Pyrobitumen. A species of pyrobitumen, including 
dark-colored, comparatively hard and non-volatile solids; composed of 
hydrocarbons, containing oxygenated bodies; sometimes associated with 
mineral matter, the non-mineral constituents being infusible, and largely 
insoluble in carbon disulphide. 

Note. This definition includes peat, lignite, cannel coal, bituminous coal, anthra¬ 
cite coal, and the non-asphaltic pyrobituininous shales. 

Tar. A term applied to pyrogenous distillates of dark color, liquid 
consistency; having a characteristic odor; comparatively volatile; of 
variable composition, sometimes a-ssociated with carbonaceous matter, 
the non-carbonaceous constituents being largely soluble in carbon disul¬ 
phide; and whose distillate fractioned between 300 and 350° C., yields 
comparatively Utile sulphonation residue. 

Note. This definition includes the volatile oily decomposition products obtained 
from the pyrogenous treatment of petroleum (water-gas tar and oil-gas tar), bones 
(bone tar), wood and roots of conifenc (pine tar), hardwoods, such ns oak, maple, 
birch, and beech (hardwood tar), peat (peat tar), lignite (lignite tar), bituminous coal 
(gas-works coal-tar, coke-oven coal-tar, blast-furnace coal-tar, producer-gas coal-tar, 
etc.), and pyrobituniinous shales (shale tar). 

Pitch. A term applied to pyrogenous residues, of dark color, viscous . 
to solid consistency; comparatively non-volatile, fusible; of variable 
composition; sometimes associated with carbonaceous matter, the non- 
carbonaceous constituents being largely soluble in carbon disulphide; 
and whose distillate fractioned between 300 and 350° C. yields com¬ 
paratively little sulphonation residue. 

Note. This definition includes residues obtained from the. distillation of tars 
(oil-gas-tar pitch, water-gas-tar pitch, bone-tar pitch, wood-tar pitch, peat-tar pitch, 
lignite-tar pitch, gas-works coal-tar pitch, coke-oven coal-tar pitch, blast-furnace coal- 
tar pitch, producer-gas coal-tar pitch, and shale-tar pitch); also from the distillation of 
fusible organic substances, the process having been terminated before the formation 
ot coke (rosin pitch and fatty-acid pitch). 

It will be noted that the terms "mineral wax” and "asphalt” are each applied 
indiscriminately to native and pyrogenous substances. This is due to the fact that 
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l the present time it w practically impossible to distinguish between certain native 
m 1 pyrogenouB asphalts or mineral waxes, either by physical or chemical means. It 
probable that some method may be discovered for acccunpU^ing this, in which 
rent it would be of decided tulvantage to frame separate definitions to distinguish 
etween native and pyit^nous substances respectively. With the knowledge avail* 
Die at present, however, this cannot readily be accomplidied. We must be content, 
lerefore to ap|dy the term ^‘asphalt” and ‘‘mineral wax" both to native substances 
ad to manufactured (pyrogenous) products. 

In many the early classifications, natural gas and marsh gas were included 
isithin the scope of the term "bitumen." As this stretches the meaning to an 
ibnormal extent, the author deems it inadvisable to include natural gases in the 
definitions cmd classification given in this book. 

The term "maltha," frequently found in contemporary classifications to desig- 
sate the softer varieties of native asphalt, has been omitted for the sake of brevity. 

The preceding definitions enable us to arrive at the following classi¬ 
fication of bituminous substances, in which are included the most impor¬ 
tant members recognized commercially 
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CHAPTER III 

CHEMISTRY OF BITUMINOUS SUBSTANCES 

STRUCTURAL FORMULAS OF THE MOST IMPORTANT PURE 
CHEMICAL SUHSTANCI4S PRESENT IN BITUMINOUS 
COMPLEXES 

Bituminous suhstunces are complex mixtures of chemical compounds containing 
the elements carl)on and hydrogen in varying proportions and combined in differ¬ 
ent ways. . These compounds may also contain the elements oxygen, sulphur, and 
nitrogen. Certain bituminous substances and especially those found in nature, con¬ 
tain more or less extraneous mineral matter. Carbon and hydrogen, however, are 
present in the chemical compounds contained in all types of bituminous substances. 
These two elements have the properties of forming a Iwwildering number of com¬ 
binations—in fact more than any other two elements. Substances comp<^ed of car¬ 
bon and hydrogen are tcrme<l “ hydrocarl)ons." 

Each element has the power of combining with other elements in certain def¬ 
inite ratios. The combining power of the element hydrogen is taken as unity, 
and it is therefore said to have a '‘valency” of 1. Oxygen is capable of com¬ 
bining with 2 atoms of hydr<^en, forming a molecule of water (H 2 O), and therefore 
has a valency of 2. Similarly, carbon can combine with four atoms of hydrogen, 
and has a valency of 4. These valencies may be pictured mentally as bonds or 
joinings, holding the elements together. For the sake of convenience, they are 
represented graphically by dashes, thus: 

H—; 0— or —0—; or =C= or —i—. 

1 

Carbon atom-?, moreover, have the property of uniting with one another. When 
but two carbon atoms combine, the union may occur in llirec ways: 

(1) Two carbon atoms may unite with a single valency joining them together, 
!c :ving three free valencies for each carbon atom, or a total of six, illustrated as follows: 

=C-simplified as —C=. 

(2) The carbon atoms may be bonded together with two valencies, leaving four 
free Valencies, thus: 

=C= =C=; simplified as =C=C=. 

(3) The carbon atoms may be joined t<^ther by three valencies, leaving but 
two uncombined valencies, thus: 

—=C—; simplified as —C^C—. 

28 
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The free valencies may unite with hydrogen atoms or other carbon atomi, 
forming on endless number of combinations, and constituting a neries of hydrocarbons, 
thus: 


H H 

H-C—i-H 

1 1 

H H H 

1 1 1 

H H H H 

H—(’—(^—(’—(^'—H etc* 

1111 

h k 

1 1 1 

H H H 

1 1 { 1 

H H H H 

CiH« Ethane 
(CH.CH.) 

C»H, lV>i)ane 
(CH.CHCH,) 

('aHio Butane 
(CH.CH ('ll CHa) 

h/ 

H H 

1 i 

>c=(;-c-H 

W 1 

II 

II H H 

”\c=(':-J'-(''-H etc. 

1 1 

H H 

CtII< Ethv'enc 
(CH,: CH,) 

(Mia Pnapvlene 
(CH, : CH-CIl,) 

Calla Blitvienc 
(CHi ; CH ('ll, (;Hi) 


H 

H H 

H-CiSC-H 

H-CHC-C-H 

I 

1 j 

H-(:sC-C-(1-H et«. 

1 1 


! 

H 

II H 

CjHj Acetylene 
(CH i CH) 

(Mia Allvlene 
(CH i (SCH,) 

C4I!* Klhvlicelvlene 
(CH :-C'('II, ('H,) 


These arc termed “open chain hydrocarlwns," l)ecmise all the rtirl)on atoms 
are eonnccte<l together m a straight line 'I’lie first tliree examples, ethane, pro¬ 
pane, and butane, are sai<l to lie ineinlierK of a Katuratid series l>ecause no two 
carlKms are held together by more* than one valency, or in other words, all the 
carbon atoms are “saturated” or coinliined with hydrogen. This jiarticular series 
of hydroearl>ona ha.s been named “paraffine.s,” because the various memliers arc 
ordinarily found in paraffinaceous petroleum and paraffine wax. In each metnlx*r 
there exists a definite ratio between the nunilier of carbon and hydrogen atoms 
respectively. For each atom of earlion present, we find two more than twice as 
many of hydrogen atoms. 1'he paraffine series is accordingly represented by the 
general formula Cnlljn+t ii which n may range from I in the lowest member 
CHt, to as high as 00 in C«oIIi}j. 

The three substances, ethylene, propylene, and butylene, similarly belong to 
an open chain series of hydrocarlxms known as the “olefines” having the general 
formula CaHj©. Since all the carlion valencies are not combined or satiated with 
hydrogen, this series is known as an “unsaturated” one. 

The three substances, acetylene, allylene, and ethyl acetylene belong to the 
unsaturated “acetylene series” represented by the general formula CbHjb-i. The 
acetylene series is obviously more unsaturated than the olefines. Similarly, we 
have the diotefine series which lias the same general formula as the acetylenes, 
namely CoHm-i, but which is distinguished from the latter by having two double- 
bonded carbon groups instead of one triple-bonded group. These will be described 
in greater detail later. 
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The olefinacetylene aeriea (also known as the valylcne series) is represented 
by the general formula CoHjd-4, characterized by the presence of both doubly- 
and triply-bonded carbon groups. 

The next higher series of unsaturated open chain hydrocarbons Is known as 
thd diacetylene scricw CalLo-*, characterized by two triply-l)ondo<l carbon groups. 

Following these we have the CnHjo-s, CnHm-io, and the ('nHin-n scries in the 
order mentioned. All of these are found in petroleum. It is highly probable that 
hydrocarbon series of still higher order exist in bitunnnotia .substance.^, but no 
means have as yet been devised to isolate them. 

It should be l>orne in mind that two or more substances may have the same 
numlwr of carbon and hydrogen atoms, and yet be constituted differently .struc¬ 
turally. Thus, the sul)stance butane, C 4 II 10 may exist in two possildo forms, 
termed “isomers.” These include “normal butane” shown alovc, and the so- 
called “isobutanc” also known us “triincthylinethane,” shown diagraintnatically as 
follows: 



Isobutane or Triincthylmethane 
CHrClI(CIL), 


In a similar manner, the substance “butylene” may occur in three isomers, 
all having the same general formula as follow.s: 


Butylene CHj : CH CH.-CIL as shown above; 

Pseudobutylene CHj Cll iCH -CHi; and 
Isobutylene CIL : 

Similarly, ethylacetylene (crotonylene), C^H*, occurs in another isomeric form, 
dimethylucetyicne, CHrC I C CIiv 

In addition to the open-chain hydrocarbons, there occur “cyclic” or “ring” 
hydrocarbons in which the carbon atoms are joine<l together in a circle, in lx>lh 
the saturated and unsaturated forms. The saturated cyclic hydrocarlwns arc known 
as “polymethyicnes.” These may in turn be divided into two classt's, namely, 
those consisting of but one ring or cycle, and tho.se consisting of moix? than one 
ring or cycle. The former are termed “naphthenes” or “monocyclic polymethyl¬ 
enes,” and the latter “polycyclic poly methylenes.” 1 'ho polycyclic iwlymethylenes 
may be further grouped into dicyclic polymethyicnes, tri(y<lic polyincthylencs, etc. 
Unsaturateii cyclic hydrocarbons arti groui>cd into monocyclic and polycyclic series 
known a.s “cyclic olefines,” “terpenes,” “benzenes,” etc. 

We will now consider the individual hydrocarixni series: 


OPEN CHAIN HYDROCARBONS 

CoHin+i Sgsies—Saturated—Single Bonds—“Paraffines" 

The various members of this series are shown in Table IV on p. 31: 

As already stated, butane has two isomers, similarly pentane occurs in three 
isomers, hexane in six, heptane in nine, octane in eighteen, and finally tridecane 
in 802 isomers. It follows therefore that aa we ascend the scale, the number of 
posrible isomers increases rapidly. 
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TABLE IV—CoHin+i SERIES—"PARAFFINES—SATUHATED—SINGLE RONDS 


N&me. 

Formula. 

Meltinit- 

|NI|ltt, 
iVit (' 

Roilinc- 

IHiint. 

De, C.. 

Oateoun 



At 760 mra. 

McthatM. 

CH« . 

-18fi 

-165 





Propane. 

Cill. CHi-CHi CHi 

-m 

- 45 

Normal Butane . 

call# CIU Clb CIIi CHi 

-la.^ 

4 1 

Tnmethyl Methane . i 

C<H» Clli CIHCHi)t 


- 17 

Lifjutd 




Norma) Pentane . 

C»Hi, CH» (CHi)i CHi 


t 18 

D»metbyl-ethy1 Methane 

caiii cm CHi CH<cni)i 



Tetramelhyl Methane 

r»ii,i C(CHiw 


i 10 

Normal Heiane. 

c.iiii em temn em 


1 60 

Methyl-diethyl Methane 

('.III* CH| (C|H.)|CH 


1 64 

Dimethyl-propyl Methane. 

c.Hi. cii» (CHm cn«'m>, 


1- 62 

Di-isopropyl 

■ r.H,. (cmit tnniccHa. 


1- 58 

Tnincthyl-eth.vl Methane . 

; (’.H» ClI. CH, C(CH.I. 


4 45 

Heptane 

1 (Ml,, 


4 (18 

Oetane. 

(Mil* 


125 

Nonane 

1 ('•Km 

- 51 j 

m 

Decane 

Cidln 

- .11 

173 

Undecane 

I VnWa 

- 

105 

Dodecane 

j ('itll» 

- 12 

2t4 

Trideeane . . 

1 Colin 

- rt 

234 

Tetradecanc 

! ( iilU 

1- 5 

252 

P<-ntadeoan*‘ . 

. Colin 

10 

270 

Heaadeeane, 

Colin 

1 

287 

Heptadocane. 

('oIIm 

22 

303 

Soltd 1 




tVtodeeane 

, C„Hm 

28 

317 

Nonadecaiic 

(oil*) 

32 

130 




At 15 inm. 

I'lcoHano 

C»H„ 

17 

205 

Heneiroasne 


W 

21.5 

Doroaane 

CbHo 

44 

22.5 

Trieostane 

Coll.. 

48 

, 211 

Tetracoenne 



211 

Pontacoitane 

c»jHt«t 

M 


Hezacoaane 

CnllM 

m 


Heptaeoasne. 

CjiU« 

M 

270 

Octoeoaane 

Cnili. 

60 


Nooocoflane. 

C«II» 

62 


Triorontano 

c»Hw 

61 


Hentriocontane. .. 

C„I1m 

66 

102 

Dolnacontane 

CqIIx 

68 

310 

TritriacootaDc. 

Culln 

70 


Tefrafricontane . 

CiiHw 

Ti 


Pentatriacontane 

Cidln 

7.5 

111 

Dimyrieyl . . 

ChHoj 

102 



The specific gravity, boiling' ami melting-pointH increase with the molecular 
weight. In the case of isomers, those of normal structure have the highest boiling- 
points. The higher members are volatile without decomposition only under reduced 
pressure. The same general rules hold true with other hydrocarbon series. 

The gaseous members of the paraffine series arc found in marsh gas, natund 
gas and coal gas. llte liquid memI)erK are associided together in certain forms of 
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petroleum, such as PennsylTania petroleum. The solid members occur in ozokerite 
and the various types of paraffine wax. 

Faraffinaceous petroleum is composed of a mbcture of the individual membera 
of the paraffine series in varying proportions. It is a difficult matter to isolate 
tlie individual hydrocarbons in their pure state. For commercial purposes, petro¬ 
leum is separated by distillation into various liquids or solids sold under the trade 
names of gasolene, benzine, naphtha, kerosene, lubricating oil, paraffine oil, paraf¬ 
fine wax, petroleum asphalt, etc. Each of these consists of complex mixtures of 
the individual hydrocarbons in indefinite proportions. 

Paraffine wax contains solid hydrocarbons of high boiling-point (about 300° C.), 
and ozokerite solid hydrocarbons tanging from CmHh upward. 

CiHn SaaiES—U nsatoratbd—One Dooble Bond—"OLE riNES” 

The well-known members of this series are shown in the following table: 

TABLE V.—CnHm 8ERIES-"OLEFINES"—UNSATUBATED—ONE DOUBLE BOND 


Name. 

Formula. 

Melting* 
point. 
Deg. C. 

Boiling* 
point. 
Deg. C. 

Qtutout: 



at 760 mm. 


CiHa CHi : CHi. 






-50 

Butyieoe. 

CiHi 



CiHfCII :CH». 



Sym. Diroethyl'Cthylene. 

CHi CH :CH CHi.. .. 


+ 1 


(CH#)jC : CHi. 






Amyleoe. 

(Mil. 



Norm. propyl>ethylcno ... 

CHi {CHi)jCH :CH, 


+39 

leopropyl-ethylene... 

(CHi)i CH CH :CH* . . 


+20 

Sym. Methyl-ethyl-ethylene .. . 

CHi CH :CH CiHi . 


36 

Unsym. Mcthyl>cthyl>othyleno 

(CHi){CiHi)C :CHi. 


31 

Trimethyl>othylcno. 

(CHi)iC :CH(CHi). 


36 

Heaylene (n). 

CiHii. 


69 

Heptylene. 

CiHii. 


95 

Octylene... 

C.Hi.. 


122 


CiHis. 











Dodeoyleae. 

Ci»H«. 

-31 

213 




233 

. 

Tetndeoyleae. 

Ciilln. 

-12 

Hexadeoyieno. 

CiiHn. 

+ 4 

275 

Heptadecyleae. 

C.fHi*. 

+12 




+18 



CiiHw. 

314 

MU: 




Caroteoe. 

CtrHii. 

+58 


Maleoe. 

CiiH«. 

+62 

375 


Tliese are present in American petroleums in very small amounts. Certain 
members have been identified in Canadian petroleums, also in shale oil. The higher 
members of the olefine series occur in isomeric forms in the same way as the paraffines. 
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CftHto-i Skrim—Uksatuhated—One Triple Bond—"Acetylinsb” 

Hie best knowD members of this series are included in the folkmini table: 


TABLE VI.—CaHn-i SERIES-"ACETYLENES'-UNSATURATED-ONK TRIPLE 
BOND • 


N«im. 

Formula. 

BoiU&i. 
point. 
Dog. C. 

Oateous: 

CiHi CH 1 CH 






*r 

18 

Ethyi*«<!«tyien«. 

r,Hs C|H» C 1 CH . 

Methy|v«thyl>acetylenf . 

(\H, CHi C 1 C Chill. 

&8 

NormaUpropyl'acol yirne 

Cilli CHi CHi CHi C * CH ... 

48 

laopropyl'acetyletip . 

CiHs iCJliVtf'H C 1 CH 

28 

MetbyUn-propyl-acetyiene 

Cillio CHi C : C (CHj\»CH» . . ,. 

84 


The lower membeni have not been identified in any petroleums, although several 
of the higher members are found in Texas, Louisiana, and Ohio oils, and are also 
present in coal tar. 

CdHis-) Series—Unsatdrated —Two Double Bonds—“Diolepiner" 

The more important members of this series are shown in Table Vll. 

TABLE VII.—CaHm-i SERIES—••DIOLEFINES’—UNSATURATED-TWO DOUBLE 

BONDS 


Name. 

Formula. 

Boiling* 
point, 
Deg. C. 

Aliylene (PropadiCBe). 

CHt: C : CH». 

Qu 

Divioyl (Erythrcne). . ... 

CH» :CH CH : CHj. 

- 8 

Piperyiene (a>MethyIbutadi4no).. . . 

CHi :CH CH-.CH CHi 

42 

Isoprene (^MethylbutadiSne). 

CHt :CH C(CHi) :CHi . ... 

85 

Di-iaoprtH^enyl. 

CHi :C(CH») C(CHi 1 :CHt. 

71 

l«t>3*Trim«lbylbutad>4ne. 

(CHi)tC :CH C(CHi) :CHi. 

n 

Diallyl. 

CHi :CH CHi CHi-CH:CHi. 

89 

2'^Oimothyl-l>5>besaidi4ne. 

CHi :C(CH}) CHi CHiC(CHi) :CHi 

137 

l«l«5>Triinethyl>l*8>bexadiene. 

(CHi)iC :CH CHi CHi C(CHi) : CHi, 

141 

Coayleae . 

CHt :CH CHi CH :CH CHi CHi CHi. 

128 


These occur in tars and certain petroleums. 

CaHa-< Series—Unbatobated—One Double and One Triple Bond— 
“Olefinacettlenes” 

Individual membeie of this series have been identified in Ohio petroleum, also 
also in certain types of California petroleum. 

CaBa-i Series—Unsatorated—Three Double Bonds—"Poltolefinie" 

To this series belong the hydrocarbons known as “terpenes,” none of which 
is present to any siRiteciable extent in bitumens, tan, or pitches. 
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C^n-i Smin—UNiAmATiB— Two Tueui Boin)»— "DiAamixM” 

TU* Mriw li abo relatively uaimportant, and include) diacetylene, H'C i C-C ! 
C>B, dipropargyl, CH ! C'CHrCHfC i CH (also known u hexadine), dimethyldi* 
acetylene, CHi-C ; C-C : C-CHt, etc. 


CYCLIC HYDROCARBONS 

CoBta SaaiBS— Satcbated—Single Bonds—Monoctclic—“Naphthenes” also 
Called "Ctclopabaeeines" oh "Foltmethylenes.” 

The following constitute the more important members of the naphthenes: 


TABLE VIlI.—CnHin—SERIES—"NAPHTHENES" OR "CYCLOPARAFFINES" OR 
"POLYMETHYLENES"—MONOCYCLIC—SATORATEIF—SINGLE BONDS 


Name. 

Formula. 

Melting- 
point, 
Deg. C. 

Boiling- 

point, 

De«. C. 

Cyolopropaoe (Trimethylene) .. 

/CH, 

CH5<^ 1 

XH, 

-126 

-35 

MHhylcyolopropanc. 

yCH, 

CHi—CH I 


+ 4 

\:iii 


DimatbyM-l'CycIopropano 

CHk /CH, 

><l 

CH,/ XH, 


21 

TrimethyM-l-2»cyolopropane . . 

CHk ' /CH CH, 
j 


56 

Ch/ XH, 



^CHCH, 



TrimethyM«2->3-eyelopropano. 

CHi—CH 1 

\:hchi 


65 

CyoiobuUno (Tctramc'thyknf)- ■ • 

CHr-CH, 

1 1 

CH,-CH, 

Below —80 

11 


CHiCH—CH, 

1 1 


40 


CHr-CH, 



C,H,CH—CH, 

1 1 


72 


CH,—CH, 



/C,Hi 

CHr-ClI—CHC 

1 1 X,H, 

CH,—CH, 


153 


' 

CyoWpaoiaiM (PentamathylftDe). 

CH,-CH,y 

1 >CH, 

ch,-ch/ 

Below —80 

50 
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Name. 


MctbylcyetopeoUne 


DimMhyl-l-l-fydopentftoe 


Pimcthyl-l-Z-ryclopenUne. 


Dimcthyl«l-3H:yclopcDtAuc. 


Mrthyl'l*<'lhyl-2-cyclopcntanc 


Mcth>l-l-otbyl-3-cyclopcntane 


Cycluhoxanc (llcxamethylenc) 


Mcthylcyclohuxano... . 


Dimcthyl*l*l*cydohexan9. 


Pimethy!-l>2^yo!ohexaae. 


PimcthyM>3^dobaxane. 


Dimpthyl>l*4^ydohexaae. 
£thylcyclohfxan«. 
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TABLE VIII—Conhnuerf. 


Malting- Boiling- 

Name. Formula. point, point. 

Deg. C. Deg. C. 


Trimethyl-1-t-3*cyrtohezano. 

CHk 

>C CH*—CIICH* 

ch/ I 1 


137 

TrimetbyUl'2-4-cyelohexaDe. 

CHt—CIIi-CHi 

CIIi CHi 

CH —CH —CH* 

1 


143 

TriroethyUl-3-5-oytcohexane. 

CH*~CHr“CH—CHi 

CH»—CH —CHt—CH—CH» 

1 1 

CHr-CH —CH, 


138 

Methyl-l-etbyl-2-cyetohoisne . 

CH, 

CH, C,H, 

CH —CH —CH, 

1 


181 

MethyM-ethyI-3-cyclohexanc 

CHr-CH,—CH, 

CH,—CH —CHi-CH—CiH, 

1 1 


149 

Methy1*l‘etbyl‘4-cycIohexano 

CH,—CH,—CH, 

CH,—CH —CHt—CH, 

1 1 


180 


CH,—CH,—CH-C,H, 

CiH,—CH—CHr-CH, 

1 1 


153 

Methyl-1-i^opropyM-oyelohexane 

CHr-CHt—CH, 

CHr-CH —CHt—CH, 

1 1 


100 

Methyl-l-ethyl-3-i^opropyM-cyclo- 
hexane. 

' CHr-CHr-CH—C,H t 

CH,—CH —CHt—CH—C,H, 

1 1 


207 


CHr-CHr-CH—CiH, 

C,H,—CH—CHr-CH—C,H, 

1 1 


170 


f CHr-CHt—CH, 

1 CHr-CHr-CH,\ 

; ! yCH, 


117 

Cyolo*oetane (Oetomethyleoe). 

CHt-CHt-CU/ 

CH,—CH,-CH,-CHi 

1 1 

n 

148 


CHr-CHr-CHr-CH, 

' CH,—CH,—CHt—CH^ 

1 ^H, 


171 


CHr-CH,—CH,—CH,^ 
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These occur largely in Russian (Baku) pelroleum, in Amenran mixed-base, and 
asphaltic petroleums (including Ohio, California and Canadian), in certain South 
American petroleums (Peru and Colombia) and in Borneo petroleum. 

CaHia-i Sxaiia—S aturated—Sikqle Bonds—Poltctcuc—"Poltctcuc , 

POLTMETHYLENES” 

The most important members of this series are given in the following table: 


TABLE IX.—CnHtn-t SERIES—"POI.YCYCI.IC POI.YMETlIYI.KNEa'-POLVCyCI.IC— 
SATURATED—.SI.NOI.E BOND.s 



These hydrocarbons are usually associated with the monocyclic CaHta Series. 

CoH,o-i Series—Unsatdrated—One Double Bond—Monoc;yclic—"Cyclo- 
Oleeines" 

These include cyclo-ethylene, C,H,, CH=CH and eyclo-propylene, CiHi, 
CH=CH I I 

/ \ CHr-CH, 

CHj—CHi—CHt which occur largely in Texas oils and in certain asphalt*. 

CaHu-t Series—Unsatdrated— Two Double Bonds—Monocyclic— “TiRmNE*” 

These include the substances limonene, dipentene, terpinolene, terpinene, 
sylvesterene, etc., and are found in Java, Sumatra, Baku, Galicia and Texas 
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(Beaumont) petroleumH in relatively small amounts. They also constitute the so- 
called “essential oils." 

CnH»-4 Series—Saturated—Single Bonds—“Polycyclic Polynaphthenes 

These are found in Texas (Beaumont), TiOuisiana, California, and Ohio petro¬ 
leums, of which the principal meml>era are shown in Table X. 


TABLE 8ER1K8— POLYCYCLIC POLYNAPHTHENES"—POLYCYCJIC 

SATURATED-SINGLE BONDS 


Name. 

Formula 

Mf'lting- 

{K>liit. 

!)<« C 

Boiling* 

pumt. 

Dor. C. 


CHt - CHi 



Perbydroaoeoapbtbene. 

1 1 

CHi CH- CH CH CH* 

1 ! 1 
CHjCHiCHCHiCHi ^ 

CH, CU, ClI CH CH, CHi 


236 

Porbydrofluoreae...... 

CHi CH, CH CH CHi CH, 

\/ 

CH, 

CH, .CH, CH-CH CH, CH, 


230 

1 

Perhydrophonanthrene........ 

CH,CH,CH CUCIhCU, ' 

1 1 

CH,—CU, 

Cn, CH, Cll CIh CII CIli CH, 


272 

Perhydroaothracooe... 

1 1 1 i 

Cn, CH, CH CH, CH CH, ( H, 

/CHr-CH—CH—CH k 

Cii/ 1 1 )CH, 

^cn,—CH-CH—CIV 

88 

270 

d'Tricyclodekaoe. 

0 



CoHm-i Series—Unsaturated—Three Double Bonds—Monocyclic- 
“Benzenes” 

The benzenes constitute one of tlie most imi)ortant series of hydrocarbons, and 
form the basis for many valuable orgiinic compounds, including the “coal tar” 
dyes and drugs. The lowest member of this series is the hydiwarljons benzol or 
b^ene, C(H«. Its exact structure is represented by the following diagram: 


H I H 

VV 


H 


Which, for the sake of con¬ 
venience, is abbreviated by the 
following symbol: 


0 
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*Thw IS known as iho **l)onzol ring/’ conBisting of six carlxtn atoms joined 
together with single and dotihle bonds alternately, and each united with a aini^e 
atom of hydrogen. 

'llic principal members of tlse le'nzene series, CeiI{to-«, are shown in the fcdlow* 
ing table: * 

TAliUC XI -Cnllto-* SKRIRS - 'nENZKNFS'’~MONOCVCI.IC—UNBATURATED— 
IX>UBLE BONDS 



CitHu C»(CHi)i IIfiam«-thylb<-u»ol CW"). CiUKfillin TriKl.ylbcuiol: Hi*. 

C'uHit C«Ht(Caii7) Octylbcoaol, Tcirttcihyll)entol 

(’jtHi# tleiacthylbcDtol (305“). 

Members of the l)en*ene Heriea arc present in cool tars, water-gas tar and 
other high'temperaturc distillates. Coul tars, liowevcr, constitute the most prolihe 
source of the l>enzenc8. They are present to a small extent in lignite tar, and 
only in very small quantities in petroleum. Tniocs have been identihed in petro¬ 
leums obtained from Borneo, Sumatra, Java, Japan, and to a very small extent 
in certain varieties from California. 
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CnHjfi-i TO CnHjn-io SERIES—Unsatdrated—Monocycuc and Polycyclic 

These are grouped tc^ether for the sake of convenience. A brief description 
will be given of the respective series, together with their principal members. 

• CnHjn-# Series, of which the principal member is phenylethelenc, CjlL-CH : CHi. 
This series is composed of the benzol nucleus with an unsaturatcd side chain. 

CoHjn-io Series, of which the principal member is phenylucetylenc, CelU-C . CH. 
This series is composed of the benzol nucleus with a side chain corresponding to 
the acotylene series. It is not of importance. 

Cnlljn-ij Series, known as the “naphthalenes.” 

The principal member of this series is naphthalene, which is represented 

graphically as: 


H 11 

H i 1 H 

vvS/ 

i 6 

H \ H 

H U 


And for the sake of 
brevity, l)y the symbol: 


Naphthalene has a crystalline structure and a characteristic odor. It Is foun<l 
principally in coal tar. Other mernl)cra of this scric.s are methyl naphthalene 
CjoHt-CHs, dimethyl naphthalene, (VJLtCUa)*, ethyl naphtlmleiio. C.uHt-CjIL, etc. 

CoHsn-i« iSeries, known as tlie “diphciiyk” 

The principal mcinl)er of this is dijilamyl, which is represoiited graphically 

by the following formula: 

/ ■ \ /- 
\ ./ \ . / 

The next memlx'r of this series is methyl diphenyl, CluHu. The CnHm u 
hydrocarlwns also include the acenaphthone scries, which is an isomer of the pre¬ 
ceding. The first meml)er of this .st>ric.s is known a.s aocnaphthenc, CulLo, which 
is represented graphically os follows: 



CoHtn-u Series, including the diphcnylenes of which the first member is fiu> 
orene, CuHig: 
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This series also includes the substance known as sUlbene (diphenylethylene) 

C.Hi CH : CH C(Hi. 

CnHjn-u Scries, known as "anthracenes,” of which anthracene, CkHh is the 
principal member. Anthracene may be illustrated graphically by the following 
formula; 



Rctene is also a member of this series. 

Cnlljii -M Seric-s, of which "fluoranthene,” C„H„ is the principal member. 

CnHin -M Series, of which "pyrene,” Ci.H,,, is the principal memlwr. 

Cnlljn-n Series, of which "dinaphthyl,” is the principal mcmlicr. 

(JnHtn-!! Seric-s, of which no mcml)era have l)cen isolated. 

Cnllin » Series, known as the “picencs,” of which picene, Cnllw, is the prin¬ 
cipal meintwr. Picene is the highest melting-imint hydrocarimn which has Is'cn 
isolated It melts at 3(14° C., and occurs in lignite tar, coal tar and certain |K'tro- 
leum re-idnes. 

The hydroearlsms of the scries ('nllm n to ('oHja-u occur in coal tar, and to 
a smaller extent in lignite tar and iietroleuin residues. 

O.WOIONATEI) BODIES 

These include the following substances: 

Water, HiO. This occurs in sinall ipiantilics in all native petroleums and in 
most native asphalts, csiiecially those associated with mineral matter. Water is always 
present in cnidc tars, licing fonncil by the combination of hydrogen and oxygen 
at high temperatures. 

Alcohols. The principal memlwrs are methyl alcohol, Cll,OH, also known as 
wooil alcohol, which is found in substantial quantities in wood tar, also ethyl alcohol, 
CilliOH, which is also present, but in very small amounts. 

Acetone, CHrCO CHi. This .substance and its homologuc.s arc found in small 
{piantities in wood tar, coal tar, and lignite far. 

Fatty Acids. Acetic acid, C11, ('(M)II, is pre-sent in wood tars, and particularly 
those dcriveil from hard wooils Acetic acid laOongs to the series Dallio n-UtKIIl. 
The higher melting-point acids of this series including palmitic acid, (IHitUll!),!- U(K)H, 
stearic acid, CHifCHili. COOH, and the corresfwnding esters and lactones are 
found in fatty-acid pitches. 

Resin Acids. These are found in pine tar and pine-tar pitch. The composition 
of these acids has not yet lieen definitely determined. They are also present to 
a large extent in resin pitch. 

Phenols. The important memlicra of this cliua of sulwtances are phenol or 
carbolic acid, C,Hi OH, crcsol or methyl phenol, CH 1 C.H. OH, of which there are 
three isomers. These and the higher members of this scries are present in coal 
tar and lignite tar. 

OXYOEMMD BODIES OF BNSItOWS COMPOSITIOR 

Many substances containing oxygen of which the exact composition has not yet licen 
determined are present in the non-asphaltic pyrobitumens, also to a small extent in 
tars, pitches, and aspbaitites. 
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NITROGENOUS BODIES 


AmmealM, NHi, and ammonium compounda are found in coal tar. 


/\ 


Pyridine, CiHfN or , and derivatives of pyridine including methyl pyri¬ 
dine (also known as picolin, CHi-CiHd N), dimethyl pyridine, etc., are found in 
coal tor, lignite tar, petroleum asphalts and pitches. 

Quinoiine, C 1 H 7 N, and its derivatives are also present in these materials. 


5ITR00Bn0US BODIES OP UNKNOWN COMPOSITION 
These are present in petroleums, asphalts, pyrobitumens, tars and pitches, in rela¬ 
tively small quantities. 


SULPHURATED BODIES 

The exact chemical coraponition of the substanros cont^iining sulphur has not 
yet been thoroughly investigated. There are, however, numerou.s .sulphurous com¬ 
pounds in bitumens, pyrobitumens, tars and pitches, including the mercaptanes, 
thiophenes, and their derivative.s, also sulistances of analogous composition. Small 
amounts of hydn^en sulphide, H 18 , are found associated with petroleum and 
asphalt, and in the distillates of coal and lignite 

It will be gathered from the preceding that the chemistry of bituminous sub¬ 
stances is very complicated, duo to the fact that no commercial product has a 
definite composition, but consists of mixtures of numerous chemical sub.stances in 
varying proportions. At the present time certain of the.se substances have been 
identified, but there is still a vast amount of work to lie done in arriving at the 
exact composition of the individual chemical l>odies present in bituminous sub¬ 
stances. Although comjwrutively little is known regarding the exact chemical 
substances present in coals and a.sphalts, the composition of petroleum and 
various tars has been largely unravelled. Hundreds of definite chemical substances 
have been identified in petroleum, and hunflreds have l)een separated from coal 
tar. No two petroleums arc alike in composition. In some, certain chemical sub¬ 
stances predominate, in others they are absent, or prc-sent in smaller amounts. 
The same holds true with tars, pitches, and asphalts. In certain cases, comparatively 
simple methods have been devised for identifying si/iffle chemical l)odios present and 
thus fumi^ a means of ascertaining the origin of the sulxstance under examination 

PERCENTAGES OF THE KLEMIONTS PRESENT IN BITUMI¬ 
NOUS SUBSTANCES 

Bituminous substances are composed of the following elements: carbon, hydro¬ 
gen, oxygen, sulphur, and nitrogen. It is comparatively simple by analytical 
methods to determine the mere percentages of the elements present. An expres¬ 
sion of the percentages of the elements present in a substance is termed its u//t- 
meUs anolpM, In contra-distinction to its exact chemical eompoaition. The ultimate 
analysis will often furnish a clue as to its identity. 

The element nitrogen is rarely present in excess of 2 per cent of the non-mineral 
QOQftitue&ts. Mineral waxes are usually free from nitrq^n. Petroleum, asphalt, 
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Carbon, 
100 per coot 



Unaot uronrbOB 

Fig. 11.—Trilinciir Coor«linat(*s on an Iviuilatcral Tnunglc. 


mmf 


aaphaltites and pyrobitmnrns contain junounls varying from a Iraco to 1.7 per 
cent of nitrogen. Tars and pitclies contain from 0 to 1 per cent of nitrogen. 

'Khe percentage of sulphur in *00% 

bituminous materials vanes con* ® 

siderably. Ozokerite, parafline 
wax, rnontan wax, coal tar, coal- 
tar pitch, pine tar, pine-tar pitch, 
hardwood tar, hardwood-tar pitch, 
and fatty-acid pitch are practi¬ 
cally free from sulphur. 

In petroleum, the .sulphur 
varies from a trace to 5 jier cent 
08 a maximum. Mexican jjetro- 
leum contains lictwecn 3 and 5 
per cent. Trinidad and California 
petroleums contain approximately 
5 to 4 per cent. Mixed-base pe¬ 
troleums including the Mid-conti¬ 
nental and Texas oils contain from 
a trace to about 2i per cent. ^ 

Paraffinaceous petroleums contain tootv >• 
merely a trace. Residual oils con- Fio. 12.—^TriUnear Coordinatea on an Isosceles 
tain from a trace to 5 per cent. Triangle. 

Residual asphalt, blown asphalt, 

sludge aspbdt, native asphalts, asphaltites, asphaltic pyrobitumens, and non-aiphalUo 


JBBiBi 

jmsmi 
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pyrobitumens contain from a trace 
to 10 pet cent of sulphur. Tars and 
pitches derived from non-asphaJtic 
pyrobitumens contain from a trace to 
1} per cent. 

As far as we can determine, the 
w presence of nitrogen and sulphur vary 

J according to no known laws and may 
therefore be regarded as adventitious. 
3 On the other hand, the percentages 
^ of carbon, hydrogen, and oxygen 
g appear to follow well-defined laws, 
■I and may be used as criteria to diller- 
§ entiate between the various classes 
2 of bituminous materials. The in- 
•a vestigations of 0. C. Ralston' have 
■g done much to clear up this subject. 
^ Andyses are first calculated to a 
g moisture-free, ash-free, nitrogen-free, 
and sulphur-free basis, so that the 
gj, percentages of carbon, hydrogen, and 
& oxygen will add up to 100 per cent. 
O The results are then plotted on a 
g special type of trilinear coordinates, 
g To explain this we will first refer 
^ to the usual form of trilinear co- 
..g ordinates adapted to substances com- 
posed of the three elements carbon, 

^ hydrogen, and oxygen, illustrated in 
j Fig. 11. It is more convenient, how- 
g ever, to use an isosceles right-angle 
O triangle as shown in Fig. 12. Since 
■3 none of the bituminous substances 
contain more than 15 per cent of 
hydrogen, only the part of the tri- 
I angle represented by the shaded 
g section in the preceding illustration 
need be used. Fig. 13 shows the 
^ shaded portion of Fig. 12 drawn on 

" an enlai^ scale, on which are plotted 

2 the typical bituminous substances. 

The percentages of oxygen con¬ 
tained in the more important bitu- 
nmous materials (calculated on the 
mineral-free basis) ate shown in 
Table XXXV on page 483. With the 
exception of the non-asphaltic pyro¬ 
bitumens, the percentaj^ of oxygen 
ol latstlor, Buimu oI Mian, Wash., D. a 
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does not exceed S. Thia is significant. The hydrogen, on the otlier hand, never exceeds 
15 per cent. In the paraffine series of hydrocarbons, the carbon is combined with 
as much hydrogen as possible, and thia accordingly contains the largest peroeatage 
of hydrogen and the smallest percentage of carbon. The lowest member of thfi 
series CH 4 , a gas, contains 75 per cent of carbon and 25 per cent of hydrogen. 
The member CsoH« contains 85.31 per cent of carbon and M.69 per cent of hydro¬ 
gen. In the olefine series CnHa, the relation of carbon to hydrogen is constant, 
and figures: carbon 85.71 per cent and hydrogen 14.29 per cent. 

The greatest percentage of carbon found in any bituminous substance is in 
the case of anthracite coal, which runs as high as 98 per cent. The smalleet per¬ 
centage is contained in certain peats, which run as low as 50 per cent. With the 
exception of the non-asphaltic pyrobitumens, carbon ranges from 85 to 95 per cent. 



CHAPTER IV 


GEOLOGY ASD ORIGIN OF BITUMENS AND PYROBITDMENS 

Geology 

Age of ttie Geologicel Fonnations. The earth’s crust has been divided 
into natural groups or strata in the order of their antiquity. There are 
five main divisions, which range in sequence as follows: 

1. Quarternary or Post-tertiary, representing the strata now in the 
process of formation. 

2. Tertiary or Canozoic, embracing the age of recent life. 

3. Secondary or Mesozoic, representing the less recent life. 

4. Primary or Paleozoic, representing the so-called “ ancient life.” 

6. Archaan or Azoic, representing the so-called lifeless strata. 

These divisions arc recognized by the distinctive organic remains, 
fossils, minerals and other characteristics. They are classified into various 
“ systems ” as shown in Table XII on iIk' opijosite page. 

The systems form a chronological time-chart indicating the relative 
ages of the earth’s strata. The systems are further .sulxlividcd into groups 
which differ in different localities, but it will be unnecessary to consider 
their sub-classification here. 

Petroleum occurs in all of the geological horizons from the Recent down 
to the Pre-Cambrian. Certain sy.steins arc richer than others, especially 
the Pliocene, Miocene, Oligoccne, I'iocene, Carboniferous, l'p|x:r Devonian 
and Lower Silurian (Ordovician). Asphalts, asphaltitcs and non-asphaltic 
pyrobiluraens are found in all the systems from the Pliocene to the Silurian. 
Mineral waxes arc found largely in the Pliocene, Miocene, Oligocenc, 
Eocene and Cretaceous. 

The non-asphaltic pyrobitumens do not occur in the older Paleo¬ 
zoic formations (i.e. the Silurian or Cambrian Systems). The Carbonifer¬ 
ous S 3 rstem contains the most valuable coal deposits; the Permian and 
Triassio Systems contain coals of inferior quality, and the coals found in 
the Jurassic, Cretaceous, Eocene and Oligocene Series arc still more 
inferior in quality. Lignite occurs in the Oligocene, and Miocene Series, 
and peat in the Pliocene and Pleistocene. The Pre-Cambrian Scries 
consists largely of crystalline, metamorphic rocks of volcanic and igneous 
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origin. The non-asphaltic pyrobitumcns, as might be expected, do not 
occur in rocks of this character. Graphite, liowcver, occurs in the Pre- 
Cambrian rocks, and may possibly have been derived from vegetable 
matter, although no signs of as.soeiated plant remains have been found in 
these rocks. 

TABLE XII 


Era. 

Qusrternary or Post- 
tertiary .. . 


Ststem. 

Rpcent or Post-glacial 
pli'iBtofcne or Glacial 


Historic 

Prehistoric 

Nculiibto 


Tertiary or Cxnozoic 


Secoadary or Mcsoaoic 


Primary or Paleoaoic 


{ Pliocene 
Miocene 
Oligocciie 
Eocene 

r 

Cretaceous. 

Jurawic. 

TrmMuc 


Upper 
Middle 
I ower 

I’plHT 

Middle 

I/owcr 


Permian 

. f Upper 
Crbomlcroui < , 


l^evonian 


yilurian 


f Upper 
j Middle 
[ l,nwer 

f Upper 

\ I ouer (Ordovician) 


Arch*an or Atoic. 


Cambrian 
Pro-Cambrian 


U|I|«T 

Midtile 

I ower 


The particular geological .system is of value in enabhng us to prospect 
and trace deposits of bitmnens an.l pyrohi.unums in any g.vcn locahty. 
Character of the Associated Minerals. Bitumens and pyrobitumcns, 
with^t few exceptions, are found in sclimcntary deisisits of sand, sand- 
Tone limestone and sometimes in shale and clay. Hare 
been reported in igneous rocks, but then only in very small quantities. 
ModM of Occurrence. Bitumens and pyrobitumcns are found m 

nature in the following ways: 


1. Overflows; 

(a) Springs. 
(5) Lakes. 
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2. Impregnating Rockfi: 

(а) Subterranean pools or reservoirs. 

(б) Horizontal rock strata. 

• (c) Vertical rock strata. 

3. Filling Veins: 

(a) Caused by vertical cleavage. 

{b) ('aused by upturning. 

(c) (’aused by .sliding. 

(d) Formed by sedimentation. 

Springs. Pctrolonm and tlio liquid forms of .ojiplialt only arc foun<l in .springs 
{Fig. 14). These emanate from a fiswure, orevire, or fault which pornuts the petro¬ 
leum or liquid lutphalt to rise to the surface fron> some <lepth. Petroleum or 
asphalt springs have l)cen rciwrtod in various jmrts of the worhl, btit are rarely of 
commercial importance. 

Lakes. Asphalt only Is sometimes found in lakes, which are in reality springs 
on a very large scale (Fig. I.*)). Some of our liirgcst and niost valual)le dcjKisits 
occur in this form, the !)est known ix'ing the lakes at Trinidad and Vene/uela. 
it is probable that the a.spha)t is forced up from Udow in a }ii|uid or somi-liquid 
condition liy the pro-ssurc of the oil and gas underneath, whi<-h causes it to flow 
through a fissure or fault and spread over a large area at tlie surface. Ijake 
asphalts are moderately soft where they emanate. l>ut Iiurden on ex|H)surc to the 
elements. 

Seepages. These occur in the c:ise of petroleum or luiuid a.sphalts, nrxl u.'^u-'illy 
from cliffs or mountains liearing impregnated rock. I'lithcr the pressure of the 
material itself or the Iicat of the sun cnu.ses a certain (juantity, usually not very 
laigD, to flow out of tlie rock ami run towar<ls the lower level. (Fig HJ.)^ .Sc^epages 
are often found whore a rapidly flowing stream of water cut.s it.s way through 
strata of rock impregnated with |K*troleum or asphalt. I-'rom a comincrrial stand¬ 
point, seepages of asphalt or iietroleum are of little value 

Subterranean Pools or Reservoirs, Practically all deposits of petroleum of any 
magnitude occur l)eIow the surface of the earth in subterranean “pools” or “reser¬ 
voirs." These consist of porou.s sand, sandstone, limestone (or dolomite) with a 
more or le.ss irni>ervioiis rock cover. The jmrous 1)0<1 is exemplified by coarse-grained 
amdstone, conglomerate, or limestone. The liinostone may have Is'cn dense a.s it 
existed originally, but rendered |K)rou8 in the course of time by conversion into 
dolomite, with the con.scquent production of voids due to shrinkage, since dolomite 
occupies loss space than the original limestone. The |K>tro!eum is carried in the 
interstices of the jmroua rock and prevented from volatilizing or escaping by an 
impervious cover known as the “caji-rock," usually composed of shale or a dense 
limestone. The main supplies of {)etroleum have been obtained from regions which 
have been comjmrativcly undisturl)cd by terrestrial movements. In such cases the 
accumulation of petroleum underneath forms what is known as a “ixk)!" or “res¬ 
ervoir " (Fig. 17). 

Impregnated Rock in StraU. Liquid to semi-liquid asphalts occur in this man¬ 
ner. Rocks impr^nated with asphalt are produced in two ways, viz.: 

(1) By the gradual evaporation and hardening of an asphaltic petroleum du^ 
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perhaps to the disturbing or removal of the cnp>rock, leaving the asphalt residue 
filling the interstices of the stratum carrying it. These are usually found in hori> 
sontal strata (Fig. 18). 

(2) By the liquid asphalt being forced upward under pressure, or drawn up* 
i^ard by capillarity from underlying strata into a porous rock layer above it. 
These are usually found in the region of a '‘thrust’' or upturning of the earth’s 
strata (Fig. 19). 

Pilling Veins. The harder asphalts, asphaltites and asphaltic pyrobitumens are 
most commonly found filling fissures in a more or less vertical direction, caused 
by “faulting.” In geology, a “fault” is a more or less vertical crack in the earth’s 
surface brought uixutt by the contraction and uneven settling of the strata. This 
is occasioned by a greater movement in the rock on one side of the fault’s plane 
than on the other, as illustrated in Fig. 20, or by the upturning of a section of 
the earth’s crust ns shown in Fig. 21. Faults allow the liquid or molten asphalt 
to force its way up from underneath and fill the crevice. As will be descril>ed 
later, after the !t.snhalt hardens in the fault, it might in time Ijccome metamor- 
phosi^cd and converted into an jusphaltite or a.s|)halttc pyrobitumen. N'on-asphaltic 
pyrobitiimeii.s are never found in faults, probably because they arc incapable of 
softening or melting under the action of heat, cither in their original state or 
afterwards. 

Somotimen we find the hanler a.sphalts, asplmltities and asphaltic pyrobitumens 
filling a more or less horizontal fi.s.sure or cleavage crack, brought alwut by the 
sliding of two strata, one uiwn the otlior. 1'he o|)cning l)ctweon the strata becomes 
filled with the liquid or midtctl asphalt, forced up under pressure through a crevice 
from below, which then hardens, giving rise to a horizontal vein a.s shown in Fig. 22. 

Horizontal veins arc .soriietime.s derived from prehistoric asphalt "lakes,” per¬ 
haps similar to our present Trinidad or Venezuela lakes In time, these harden, 
and liecomo .submerged in waU‘r. clue |)erhaps to a moveinoiit in the level of the 
earth’s crust. Tlie water jK'nnIts the .setliinentation of mineral matter, so that the 
lake is gradually converted into a horizontal vein. If the liquid asphalt again 
break.s through a fault or fissure, it will form a Hujierimpased vein, or perhaps a 
aeries of such veias between soeJiments, a.s .shown in Fig. 2-i. 

In the ease of non-a.sphaltio pyrobitumen.s, the veins wore urique.stionably formed 
by a process of sedimentation. The vegetation from which these were derived, 
originally grew in swampy or marshy localities, pre.sumnbly about the mouths of 
rivers. As the vegetation died, it became covered with sediments of sand or clay 
carried down by the water, or by calcium carlionate precipitated from the water, 
which in turn formed soil for subsequent growths. These gave rise to the future 
veins of non-asphaltic pyrobitumens, which are similar structurally to the pre¬ 
ceding (Fig. 23). 

Movement of Bitumens in the Earth's Strata. It is a singular fact 
that petroleum, mineral waxes, asphalts and asphaltites are not always 
found in the same locality in which they originated. They have the power 
of migrating from place to place, and many deposits are still in the proc¬ 
ess of migration. A “ primary deposit ” is one in which the bituminous 
material is still associated with the same rocks in which it originated. 
A “ secondary deposit'' is one to which the material has subsequently 
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migrated. Bitumens usually migrate while in a liquid or nielted con¬ 
dition, although in certain rare instances the migration has liecn induced 
by the action of flowing water while the bitumen is in the solid state. 

The main causes for the movement of native bituminous substances in the earth’s 
surface are as follows: 

(1) Hydrostatic Pressure. This is largely it'siwnsible for the accumulatioD of 
petroleum in pools or resei^’oirs. At some distance l>olow the earth’s surface there 
is an accumulation of ground water, the level of whi('h varies in different localities 
and during different seasons. The petroleum, l)eing lighter than the water, floats 
on its .surface. As the level of the ground water variiM, it will move the [letrolcum 
about through interstices in the rock. The water fends to push the oil ahead of 
it, and this will account for the accumulation of the petroleum in the form of 
pools or reservoirs underneath a cap of a dense and non*i)orous strata through which 
it cannot permeate. This will also explain why there is often on accumulation of 
petroleum in the ground near the top of a hill or mountain. Oil and gas are often 
encountered under pressure, <hie to tlu' hydrostalii’ liea<l of water. 

Hydrostatic pressure may al.-^o ciuiw the migration of solid asphalts, ns for 
example in (he case of the Dead Sea, when* masses iH'iome detached from the Imttom and 
are caused to float upward by (he higher gravity of the water, due to the largo 
percentage of salt dis.solve<i in it. 

(2) Gas Pressure. It is probable that the action of the heal or other forces 

below the surface of the earth, tend to fiartially vaiKirizc certain bitumens, so that 

the rc.sulting gas will force them into the overlying strata near the surfac'e. In 
other instances the effect of faulting, crumpling, upturning, eni.vion and other move¬ 
ments of the earth’s strata exposes the oil- or asphalt-lieaniig formations, and enables 
the gas pressure to force them to the Mirfju-e. Natural gas exist.s under great 
pressure in certain localities. Many gas wells in the Baku and Pennsylvania 
fields have registered a pressure of tiOO to S(K) lb., and even as high as 1000 lb. 

per sijuare inch. Thi.s may be accounted for by the fact that as the gaa ia 

constantly being gencrutcil, it accumulates inside of the earths surface and has no 
access to escape owing to the density of the strata aliovo. 

(;i) CapilUtnty. This force takes pl.ice in dry })orous rocks and acts on per¬ 
manently liquid bitumens, or bitunwns .solid at ordinary temiKTiitures but trans¬ 

formed to the melted state by the action of heat. Under thitm conditions the 
bitumen will soak into the pores of tlic rock or sand and gradually fill the inter¬ 
stices. Capillarity i.s a very much stronger force than gravity, although other 

forces, such oa the action of heat (see under 5) may l»e partly responsible. The 

finer the pores in the rock, the greater the capillary force. Rocks saturated with 
moisture tend to re.sLst the action of capillarity, which is most effective in the 
dry state. 

(4) Graiilatkm. The natural weight of the overlying strata caused by gravi¬ 
tation sets up a pressure where there are accumulations of petroleum or other 
forms of liquid bitumen underneath, and if a fissure or fault occurs in the earth’s 
crust, the bitumen lieing softer than the surrounding roik, will lie forced to the 
surface. Gravitation is therefore selective in iU action and by exerting a greater 
pull on the heavier Ixidies will tend to force the lighter ones upward. Under other 
circumstances, where the suliefance# are not confined, the result of gravitation is 
to cauae the petroleum or liquid asphalt to oosc from the over-lying rock matrix 
in the form of “seepages.” 
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(6) Effect o/ Heat. Heat i« also a large factor in causing the migration of 
bituminous substances. Its effect is variable. Under certain circumstances it will 
convert the solid bitumens into a liquid state and thus enable them to be acted upon 
by the various forces considered previously. Under other conditions, heat in the 
interior of the earth will vaporire the bitumens such as petroleum and force them 
upward. Again, if the heat is sufficiently intense, it is apt to cause the bitumens 
to undergo destructive distillation, the distillate condensing in the upper and cooler 
layers. 


OmaiN AND Metamorphosis of Bitumens and Asphaltic 
Pyhobitumens 

Probable Origin of Bitumens and Asphaltic Pyrobitumens. Although 
much has been written on this subject, no generally acceptable conclu¬ 
sions have been reached. The discussion has in the main centered about 
the origin of petroleum, as this is concedeil to be the mother sutetance, 
from which the other bitumens and pyrobitumens are supposed to be 
produced by a process of metamorphosis. The theories have lieen divided 
into two classes, namely, the inorganic and the organic. We will con¬ 
sider these in greater detail. 

Inonjanic Theories. It is contended that the interior of the earth 
contains free alkaline metals, presumably in a melted condition. These 
at high temperatures would react with carixm dioxide forming acetylides 
which in turn produce hydrocarlxins of the acetylene series upon coming 
in contact with water. The acetylenes Iming unsaturated would have 
a tendency to combine with free hydrogen and give rise to the olefine 
and paraffine scries. 

Still another theory based on similar lines, assumes the presence 
of metal carbides, including iron carbide, some distance below the sur¬ 
face of the earth. These arc supposed to decompose on coming in con¬ 
tact with water and produce hydrocarixins, which upon condensing 
in the cooler upper strata give rise to petroleum. This, however, is 
mere speculation, for no iron carbide has ever lieen found. The occur¬ 
rence of hydrocarbon gases in volcanic emanations has been cited to 
substantiate this theory. 

The cosmiciil hypothesis is based upon the assumption that hydro¬ 
carbons were present in the atmosphere which originally surrounded 
the earth, after it had been thrown off by the sun. These hydrocarbons 
are claimed to have been formed by a direct combination of the elements 
carbon and hydrogen in the cosmic mass. As the earth cooled, the 
hydrocarbons condensed in the earth’s crust, giving rise to deposits similar 
to those existing to-day. Tliis theory has also been connected with the 
carbide theories, upon the assumption that at the high temperatures to 
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which the gases must have been subjected at the time they were thrown 
off by the sun, and before they condensed, the first compounds formed 
were carbides, silicides, nitrides, and the like. As o.vidation would not 
commence until some time later, it is assumed that these carbides would 
remain locked up in the interior of the earth for geologic ages, and 
then gradually give rise to hydrocarlwns upon being decomposed through 


the agency of water. 

Vegetable Theories. It has long lieen known that certain hydro¬ 
carbons result during the decay of vegetation. The hydrocarlron methane 
(CH 4 ), otherwise known as “marsh gas” is produced in this manner, 
but only in comparatively small amounts. Similarly methane has been 
detected in the gases resulting during the decay of seaweed. 

It has been shown by others that under certain conditions hydro¬ 
carbons may be produced artificially by the fermentation and decay of 
certain forms of cellulose, including woody fibre. Still other scientists 
maintain that petroleum is produced by microscopic plants known as 
diatoms, which occur abundantly in peat IkkIs, and certain fargs. These 
oi-ganisms are found to contain minute globules of oily matter distributed 
in the plasma, and moreover, a waxy substance resembling osokerite may 
lie extracted by solvents from the diatomaccous ))cat. It is contender 
that this oil will in time and under pressure become converted into liquid 
netroleum, and at higher temperatuies and pressures (Xissibly into asiilialt. 
In support of this hypothesis a lied of ,a>.at has ten descrite near 
Stettin, Germany, consisting largely of diatoms and from which hydro- 

carlxms have liecii extracted ill quantities up to 4 |)er cent. . , . . 

Another theory based on similar lines, infers that petroleum is denvctl 
from a slimy substance rich in organic matter known as “ sapro[)ct, 
comimsed largely of algae, which accumulates at the Imttoni of stagnant 
wateis This slime liecomes covered with seiliments which through the 
agency time and pressure, is assumed to give rise to petroleum, and 

under certain conditions, to asphalt. 

In a similar manner, bitumens are clainieil to have been formed tom 
deposits of vegetable matter, including various marine plants, s^weeds, 
rtc which acLiiulate at the bottom of the oireon. Just as the non- 
asphaltic pyrobitumens (e.g., coal) arc produced by the decomposition 
Jterres Jl vegetation, it is conten.led that bitumens have ar.*n horn 
the decay of marine plants. This theory has a numte of ^ icrents. 
The optL activity of certain petroleums has ten cited to substantiate 
the contention, since oils deriveil tom or^n.c matter 
this property. It has ten proven that hydrocarbons produced tom 
inorganic substances, such as metal carbides, do not exhibit optical aeUvity. 
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Still another theory, advocating the vegetable origin of petroleum, 
assumes its derivation from peat, lignite or coal, which have been sub¬ 
jected to a sufficiently high temperature to undergo a process of destruc¬ 
tive distillation, resulting in the production of liquid and gaseous hydro¬ 
carbons. This is supixwed to have occurred at great depths below the 
earth’s surface and the hydrocarbons condensed in upper layers. 

The asphaltic pyrobituminous shales are similarly claimed to have 
generated petroleum under the action of heat, based on the well-known 
fact that when these shales arc distilled commercially, petroleum-like 
oils are produced. It is contended that the shales themselves were 
derived from gelatinous algre whose remains arc still recognizable in 
certain of them with the aid of a microscope. 

Animal Theories. In a similar manner, petroleum and asphalt are sup¬ 
posed to have been produced from the accumulation of animal matter 
at the bottom of the orean, which in time decomposed into hydro- 
carl)ons. The presence of nitrogen in all tonns of bitumen, is cited in 
sul)stantiation of its production from albuminoid matter. The remains of 
molluscs and fish are present in certain asphaltic pyrobituminous shales, 
including the Albert series of New Brunswick, and in many rocks carry¬ 
ing petroleum and asphalt. Dcixwits of the latter have been reported 
in (ialicia, Wyoming, and aro particularly noticeable in the case of oil 
and asphalt deposits in Uvalde ('ounty, Tcxivs, and southeastern Cali¬ 
fornia. In Kgypt, shells are also found filled with bitumen. Others 
contend that the living cells arc in some manner absorbed into the pores 
of coral reefs, and that those in time result in the formation of bituminous 
limestone. 

Substances closely resembling petroleum and bitumens have been 
produced artificially by subjecting fish albumin to heat, under pressure. 
Animal fats have sinularly been converted into hydrocarlmns boiling 
below 300° C. (See p. 330.) The conversion of fats and albuminous 
substances into petroleum is said to depend upon three factors, namely, 
pressure, temperature and time. The variations in the composition 
of petroleum found in different localities, is accounted for by variations 
in one or more of these factors. 

In conclusion it might lie stated that probably all three theories 
embody certain elements of truth. The cosmical hypothesis is sustained 
by the fact that hydrocarlwns have often been found in meteorites (see 
p. 79). The inorganic theory is borne out by the fact that hydrocarlxrns 
occur in volcanic emanations. The vegetable and animal theories in turn 
are supported by the presence of bitumens and pyrobitumens in rocks of 
sedimentary character, often carrying vegetable and animal fossil remains. 
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It is highly probable, therefore, that bitumens owe their origin to two or 
more of the theories which have l)een discussed, which would account 
for their varying chemical composition and physical characteristics. 

Metamorphosis of Mineral Waxes, Asphalts, Asphaltites and As^ialti** 
Pyrobitumens from Petroleum. Although there seems to be a wide 
difference of opinion regarding the origin of petroleum, authorities are 
pretty well agreed that petroleum when once formed, is gradually con¬ 
verted into the other types of Intumen and pyrobitumens, pnder the 
influence of time, heat and pressure. This process of transfonnation 
is known as “ metamorphosis.” 

It is contended that mineral matter is a finely divided form, as for 
example “ colloidal ” clay, hivsteiis this transformation by acting as a 
catalyzer. This theory is advanced l)y (Tifford Richardson.* In study¬ 
ing the well-known Trinidad asphalt lake deiiosit, Richardson concludes 
that an asphaltic petroleum existing at a considerable depth is converted 
into a more solid form of bitumen, namely asphalt, upon being thoroughly 
emulsified with colloidal clay, sand and water through the medium of 
natural gas at a high pressure. The elements of time and temperature 
are equally important Lactors. 

During the metamorphosis, hydrogen is gradually eliminated, the 
hydrocarbons becoming enriched in carbon, and from a chemical stand¬ 
point more complex structurally. The changes brought almut during 
this process may be regarded as a form of |)olymerization, in which the 
hydrocarbon molecules Iwcomc rearranged into more complex molecules 
of higher molecular weight. 

The simplest hydrocarbons arc present in petroleum. Those in 
mineral waxes arc somewhat more complex, and lioth the structum 
complexity and the molecular weight incre.asc in the case of asphalU 
and the asphaltic pyrobitumens. There arc no sharp lines of demarcation 
between the various ty[)ea of bitumens or asphaltic pyrobitumens. Each 
class gradually merges into another, and specimens will often ^ found 
on the border line, so that it is difficult to decide to which class they 


actually fielopg. (!^ p. 127.) 

From this view-point we may regard petroleums as passing in gradual 
stages, under the influence of time, heat, pressure and catalyzers into 
the soft native asphalts, which in turn pass into harder native asphalts, 
then into asphaltites and finally into the asphaltic pyrobitumens and 
asphaltic pyrobituminous shales.* 

I J /»<(. Bt,,. Clum . t. 3. .nd <93; 1910. Ms. Chfm. . U. 3, 1917; A. Paul (Minn.) *nj. 

c! F. ^b*w."'"Tlia Rol*!*”"' *“ Compotltlon o< U» DiSurrat Forma nl Natural 
Bitumenf.” J. Am. Chem. 3oe , If. 2016, 
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It is highly probable that all deposits of asphalt are produced by 
metamorphosis from asphaltic petroleum. Similarly it seems likely that all 
deposits of mineral wax, such as ozokerite, etc., result from the meta¬ 
morphosis of paraffinaceous petroleum. 

The transformation manifests itself from a physical standpoint by: 

(1) An increase in specific (Gravity. 

(2) An incic‘ius<‘ in fusing-point. 

(3) An increa.se in hardne.ss. 

(4) An increase in the percentage of fixed carbon. 

(f)) A decrease in the ]H'reenlage of solulde in carbon disulphide and 
naiddha. 

(6) A decrease in the perceidagi- of volatile ni.atter. 

(7) An increase in the flash- and burning-points. 

Although certain members arc .soluble in carlwn disulphide, yet as the 
metamorphosis progresses, the solubility decreases, and this is particularly 
noticeable in the case of asphaltic pyrobitumens. 

Elateritc, wurtzilite, all)erlito, impsonitc and the asphaltic pyro- 
lutunuuous shales rei)re.scnt the final stages in the metamorphosis of 
petroleum. The first four are comparatively free from mineral matter. 
If the latter predominates, the product is known as an asphaltic pyro- 
hituminous shale. The non-mineral matter contained in these shales 
has the same general charaeterist ies as elateritc, wurtzilite, aibcrtite 
or impsonitc, de|)ending upon hosv far the metamorpho.sis has progressed. 

In this connection it is interesting to note thnt on distilling non-asphaltic or 
mixed-base petrob-mns, .so that the residue in the still reaches a temperature 
Iffitween tHK) and HtlU" K., a form of [K)tym(‘rization takes place when'by a.sphalt- 
like sultstanees are prmlueed. In other words, the |)ereentage of iusphalt in the 
iwtroleum is increimd under these conditions (p. 200). 'there is a critical tem¬ 
perature which favors the production of those asphalt-like Isidies, known in petro¬ 
leum refining as the “asphalt-forming temiicndure’’ If this temperature is in¬ 
creased, “cracking” takes place, in which the asphalt is destructively distilled and 
decomiiosed into simpler molecules. 

The asphaltic pyrohitnmens liehave differently. When heateil to lietween fXlO 
and 800® F., they undergo “cracking.” 'this is in reality a form flf deixtlymeriza- 
tion in which complex molecules are broken down into .simpler ones. As a result, 
the original substance, which is practically insoluble in organic solvents, increases 
materially in solubility. Klaterite and wurtzilite depolymerize and become com¬ 
pletely soluble in benzol and carlion disulphide. Albertite is more difficult to depolym¬ 
erize than elaterite or wurtzilite, requiring a higher temperature and an increased 
time of treatment. On the other hand, imirsonite depolymerizes only slightly 
under these conditions. If heated to higher temperatures, the asphaltic pyrobitu- 
mena suffer destructive distillation, leaving a residue of coke. The depolymerisa- 
tiott is similar to the action which takes place on melting fossil resins, such as 
ctgwl, amber, etc., in manufacturing varnish. 
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An interestinff senes of tests has been mode in connection with otl shales, 
as shown in the following tabic: 
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TABhK XIV 
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TABl.K XIV--^'oxfiwufcJ 
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OrIIIIN and MktAMOKPIIOSIS ok NoN-AsIMIAI.TIC I’VHOIIITI mens 

The origin of iioii-iusptiiiltic pyrohituniens liiis licpii (lefiiiitely ('slahlished. 
The associated fossil remains clearly prove that these have lieen derived 
from vexotalde matter containinf; cellulose, a carliohydrate liaving the 
empirical formula (CoHioOs),. 

The decomposition of cellulose when the iiir is portly or wholly c\cIihIc(I. ns 
would tic llic ensi* when Iniricd in the itronnd, results m the toss of enrlen dio\ide, 
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niethiinc, atul water. In this manner, ifllulnst* iiltinmtely yieKla a acriea of prod- 
uet.s Kroui)od under the lieadinji of non-iusphaltir pynihituniens. The oonditionR 
favoniblc to their proihiction si‘em to Ih‘ tlic growlli of vejsetalile sul>stanee(i aliout 
the mouths of rivers, <*omlnn(Hl with a ehan^e in wat«‘r-level. 'I'he stNhinent carriwl 
down !)>’ the river, formed l>ed‘« of s;ind «)r elay which sealed the vegetation m 
lietween the strata In this manner the vegetable matter was prtiteet<*d from 
atmaspherie oxidation and at the .sjime tune prol>ably subjeeteil to fermentative 
heat, also to a gratlually inereaving pres.-sun*. as siiece.ssive layers aeeuiiiiilated. 
'Fhe vegetation doubtles>l\ eml>ra<‘(‘d many ihtTenuit kiials, inr)u<ling trees, fema, 
gras.s<‘s. inos.M‘H, and the like Fo'^^il feni'* are still eh*arly evident m eoal Ix'ds. 
In other eases carlsnii/ed tree>. nnil.s and hbroiis li.svue art' reeognixable, and in 
still others, the reMiis originalh pre's-nt m tlie wood are fouml intact. Ainlier 
and fo.s.Ml copal ofli'ii oi'cur m |M‘al. ami large* masses of re.sin have Is'eii identilied 
m beds of ligniti* and bitiiniinous co.il 

Peat repri'M'iits tin* first st.ige in tin* metamorphosis of coal from vegetable 
matter, and o<‘curs m Isigs or other swampy places Very often on the surfaiM* of 
a Isjg or swamp w(* see the still living .and growing plants A little Ih'Iow, we find 
their decayed nanains, ami still deeper, a black glutinous substance saturated with 
nioistim*, known as “|M*al 

The exact nature of the dianges which take phux* in the transformation of 
vegetable matter into |M-at is not ch'arly umlerstoiMl 'Die ultimate analysis shows 
that the pereenlages of h\<lrogcii and o\\gcn have ihmmished, and earlsin eorre- 
s|)ondmgly inereased. In the most recent iic'posits. }M‘at is hsisidy cotnpactei), but 
as it ^cumulates under the scdinient.s, it beonnes coinpres.si>d A ls‘d which was 
[Hissibly once a hsd thick miglit shrink to scxi-ral inches In all prxdmbility the 
pressure develojs-d Ity tin* .siipenmiMiscd la>ers, aids in the transfomiiilion of peat 
into <*oal (s<>e p IIW). 

Lignite or browmoal is intermediate between fieat ami bituminous eoal. The 
most r<‘cent deposits approa<-h fs-at in comisisition, and the ohlest merge into 
latuminous eoal Lignite eonlains a larger jM'rcentage of earlsm and smaller |>er- 
ceiitages of hy<lrogen and owgcn than peat. 

A<-conling to ('lark<‘.' the lignites ;in* groufied into six cla.*wes, vi* ; 

(1) True ligniti*. in which the ligneous structure is more or less |)erfeclly pre- 
si*rved. 

(2) l^arthy browncoal. wlm*h lias un (‘arlhy structure, and a dull lustre, often 
aci'onipanied by mineral resins or wa\-like hydrocarlsais,^ which may lx* extracted 
by means of carlsin tlisulphide or ls*n/.ol 

(d) (’omnuin browncoal. which is a coinp;icle<l form of lignite. 

(4) Piti-h <‘oa! having a coinpact structure and is so named on account of iU 
peculiar pitch-like lu.stre. 

(5) Glance coal, winch is a very hard and compact form of lignite, closely 
rcscnibliug bituminous coal. 


'•‘The Data of (W-oohciinsiry." nullelm No 330, V. S OeoloRieal Hurvey, Wash . 1) C. 190*. 

'The aswMaated resins or aan-s, or asphnU*. as tle-y are termed by aome. have been deaertbed 
under various names, mHmliiuf AnthraeoieniO-. Homtuecite. Itranrhile, Ruiyrellite. Dinile, 
Dopplente, Duxite, Uysodile, Kimsmite. J ichlelile, Geonorieite. Hartme, Hartiie. Hofmannite. 
Ionite, KOHaehlte, Lcueopetnn, Uucopetnte. M«laneh> me. Mellite, Mutdletonite, Muekite. Neu- 
dorfile, Neft-fbl. Phytoeollite. Pianote, P>ror‘-lin, Kifilote, Ketinaaphtllum, Retinite, HixhledcritC, 
Sehlereiinite, SieburuHe, TrinkeriW. Wakhowio-. Wbcidente, fie 
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(6) Jet, represenlin* an extremely hard variety of lignite, claimed to have been 
derived from coniferous woods. 

Cannel coni is in reality n subeksa of bituminous coal, rich in volatile matter. 

It is bup{M)S(k 1 to have l>een denvcnl from sfM)rus, 8tK)re cases, and resinous or waxy 
products of plants. 'I'lie absimcc of woo<ly material gives cunnel coal a uniform 
texture and grain not present in other coals, .so Hint it breaks with a conclioidal 
fracture, and a splinter ignites in contact with a IlghUfd match, burning like a 
candle, whence it derives its name. Cl. H Ashely‘ clus.sifies it as follows: 

(1) Subcannel coal: 

(а) Hrown subcannel, of browncoal or lignite rank. 

(If) Black subcannel, of subbituinmou.s rank. 

(2) Canncl coal, of bituminous rank: 

(rt) Boghead canncl (fuel ratio* less than O.*)) 

(б) 'Pypical canncl (fuel ratio* lK‘tw(‘cn 0 .') and 1). 

(c) U’an canncl or semicaiincl (fuel ratio * more than 1). 

(3) C^inneloid or .scmibituminous coal. 

itituniinous coal falls Ix-lwecn lignite and anthracite coal. It is often a mat- 
t(‘r of difliculty to d<‘terniine where the lignites stop and the bituminous coals 
lK‘gm; similarly, the line of demarcation Ix'twecn bituminous and anthracite coals 
is not very distinct. Bituminous coals contain a larger pereentage of carlion and 
smaller i)or<'ontages of hy<lrogeii and oxygen thjiii lignite. 'I'lic name "bituminous 
coal" is derived from the fact that this coal apparently softens and undergoe.s 
fusion at a temperature somewhat below that of actual combustion. 'I'he term, 
hovs’cvcr, is a misnomer. 'I’he softening which takes fflacc marks the {Kuiit at 
which (h'stnu'tivc distillation comimuiccs, accompanual hy the formation of ga.seous 
liydrifcarlKm.s "BitunHur’ do<‘s not acutally cxi.st in bituminoiw coal, which is 
easily proven hy tin* fact that .solvents for bitumen such a.s carbon <li.sulphlde 
have no iippn*ciable ofTeet nifon it Hilununous coals (“ontain a .suKstantial jfortion 
of volatile matter, which causes them to hum mort* rapidly than anthracite, and 
with n larger nnioimt of flame 'Ihc Siwalled ‘■^•okmg coal" is a cla.ss of hitu- 
minoiis coal, used in the inanufai'ture of coke 

Anthracite coal n'pri'sonts the final stage in the transformation of vegetable 
matter into a non-crvstaliine form It contains definite pniiKirlions of hydrogen 
and oxygen Ortam forms of anthracite approach gr.nphite in their comiMwition. 
(Jraphite on the other hand is a crystallized mineral com|M)sed entirely of carlxm, 
and which is .suppo-sed to n'prc^sent the final stage m the metaniorphnsis of coal. 
The mode of oecurnuiee ami nncrosiopic strui'ture of graphite deposits mrresjKind 
closely with those of coal, giving visi'. to the Udief that Isith were derived fixim a 
common souht. 

The following table shows the nuiMmum, ininimuin, and average percentages 
of carlxm, hyditigeii, oxygon, and nitrogen m woimI, jicat, lignite, bituminous wal, 
anthracite coal and graphite, calculated on the water-, aah-, and sulphur-free bases: 


»*'Cannol Cofth in Itn- Unilwl Stalt'^,” U 8 Ceolo«s-al Survey. Bull, in preparation. 
*Tbe quotient ot the fiteU carbon (livid«'«i by the volatile matter. 
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A stt'jwly (IpiTpasos m tho {mtci'IiIjihi's of hulronpii iitu) owncn tlnw liocoiiica 
apparent, und es|>e(ially if the aveniKP |KT<(‘ntajtP-‘' an* rpcaleulatiMl on llio Ixiaia 
of 10() parts liy ucMKht of carlion, as sliown in tlic following talde: 
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It will lie obsiTveil that the pronn^sMvr derroaso in Ihc finiiKirlKm of ox>Knn 
ifl jnfater than is the oaso with hydrogen In relluloso th<'W‘ two rle- 

ments exist in exactly the pn^Kirtions retpured to form water namely 

1:8. In wood, the hydroRcn is slmlilly in excess of that ratio, and the Pxe<‘Hi» 
steadily increases until m anthracite it is pniiKirlionalelv verv larjje. In the former, 
the ratio is nearly 1 : 7, whon*as in the latter it is roiiKhly 1 : I. 

These facts arc significant, and eiiahh* us to arrive at a basis for proja^rly 
eUiasifying the various non-asphaltic pvrohiturnenH 






CHAPTER V 


AHNUAL PRODUCTION OF ASPHALTS, ASPHALTITES AND 
ASPHALTIC PYROBITDMENS 

World Production. Deposits of natural asphalts have lieon discovered in all 
parts of the world. Table XVIII, compiled Ijy the Department of Interior of the 
U. S. Geological Survey, shows the total production of all forms of native asphalts 
(including pure and rook asphalts), asphaltites and asphaltic pyrobitumens, from 
1906 to 1916 inclusive, os far as reliable statistics are available.* 

Trinidad produces the largest quantity of native a.sphHlt, Italy comes next, 
then Germany, United States and Venezuela. In the aliove statistics the ouput 
of petroleum asphalt is not included. 

Production in United States. The annual production of native asphalts, osphal* 
tites, asphaltic pyrobitumens, and petroleum asphalt in the United States i.s shown 
in the Table XIX. 

From this it will be observed where as the production of native asphalts remained 
fairly constant from the years 1897 to It) 17, the production of petroleum a.sphalt 
has been steadily increasing. During the last few yeans, the advent of petroleum 
asphalt manufactured from Mexican crude has l>ecoine quite a factor. 

The production of gilsonite and graharnite have not varied greatly during the 
last eight or nine years. Wurtzilite is not an inqwrtant factor in the iLsphalt 
industry. 

The figures in the preceding table, under the head of “Native Asphalts,” com¬ 
prise rock asphalts, including asphaltic sandstonc.s and limestones, together with a 
small proportion of pure native asphalt 'I'hc production of the last named Is 
relatively unimportant, and has not therefore been segregated. 

The accompanying diagram (Fig. 24) shows the production of native a.sphalts 
(including rock and pure asphalts), asphaltites, asphaltic pyrobitumens and manu¬ 
factured asphalts (petroleum asphalts made from domestic and Mexican crude.s), 
together with the imports of crude asphalts into the United States from the years 
1880 to 1917 inclusive. 

In 1017, the prinluction of petroleum asphalt from diunestic crudes am<uint<‘d 
to 701,809 short tons, including ^I7l,t)67 tons of residual oil us(>d either for roa<l 
sprinkling or as a flux for softening harder asphalts, and 827,142 short tons of residuai 
asphalts. These figures show a <l(‘erease of 29,812 tons m the pnaluefion of roa4l 
oils and fluxes, and an increase of 42.S17 tons m tlu* output residua! aspliall, as 
comparetl with 1916. 

In 1917 the output of |K'troleum asphalts from Mexican crudes aiiuuinted to 
645,613 short tons, including 807,128 tons of road oib and fluxes, and 888,48.5 tona 

' ''Asphalt, Related niliinirno, ami BiluminouB Rock in 1917," by John 1> Northrup, S Geol. 
Hurvey, Waah . 1) C Ort 22, 191S 
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ASPHALTS AND ALLIED SUBSTANCES 


In California the native asphalU consist chiefly of bituminous sandstone from 
Santa Cruz and San Luis Obispo Counties, together with a small quantity of bitu¬ 
minous limestone produced in Santa Cruz County. In Kentucky the principal native 
asphalts consist of bituminous sandstone mined in Edmonson and Breckinridge 
ODiintics. In Oklahoma, the principal output is composed of grahamito from two 
localities in Pushmataha County and one in Atoka County, also bituminous sand¬ 
stones produced in Pontotoc and Murray Counties. The principal products of Utah 
include gilsomte, wurtzilitc and ozokerite, together with a comparatively small 
quantity of bitumiitous sandstone. In the year 1917 there was only one deposit of 
native asphalt operated in the 8tate of Texas, consisting of an asphaltic limestone 
near Cline, in Uvalde Co«inty. 

A comparatively small quantity of asphalt-Waring shale was mined in the western 
part of the »StaU^ of Col<ira<lo during the year 1917. This was used only for exiKri- 
niental work, and proini}«*s greater develojunent. 

Ozokerite defKwitH have l>een exploited in Wii-satch County, Utah, and the prospects 
of their further development np{>enr to Ikj ennmraging. 

Imports. The usphalt.s itii|)ort<'d for consumption in the United States during 
the years 191.'i to 1917, are shown in (lie following table: 
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Exports. The following statistics show the asphalts exported from the United 
States during the years 1912 to 1917. segregated according to the unmanufactured 
and manufactured varieties. 
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Consumption of Asphalt in the United States. Krmn the Um^nmn linun-.s il h 
iM)Ssiblo to approximate the (piantilv of asi)!i:.lt,< nmKinmMl m the Viiite-i Slales. 
by doduptinR the quantity exiHirtiHl fntin the sum <»f the (piantily inurkeled from 
(loim‘8tic sources and the (juantity iiniKirteii. On (lus basis, the cs>nsuinpl»on of 
asphaltic materials l«»th m the native mxl nianufactlin'd states in 1017 amounted 
to I .W) lOf) short tons, a.s eompare»l with l.lWMlOf) sliort tons in Itlirt. and 1,2J4,037 

in 1915. These figures should ineirlv 1 h- n-garded as a nnigh ... I n- 

fortunately, corresponding statistics |a-rtauung to other countries are not available. 





PART II 


SEMI-SOLID AND SOLID NATIVE BITUMINOUS 
SUBSTANCES 


CHAPTKK VI 
METHODS OF REFINING 

Dehydration. Mast native asphalts contain more or less moisture, 
which may Ih! present eitlier accidentally ns hydroscopic moisture, or 
in the form of an emulsioti. Trinidail asphalt is an example of the latter, 
in which al)out 29 {wr cent of water is emulsified with the asphalt and 
clay. 

Before the asphalt can he used commercially, this water or moisture 
must be removed. The process by which this is aecomiilished is known 
as “ dehydration.” The expulsion of water is brought about by heatinu 
the asphalt in a suitable oix;n container constructed of iron or steel, 
which is built in two types; viz.: 

(1) Semi-cylindrical. 

(2) Rectangular. 

In cither case the top is left open so that the water may be expelled 
readily. In modern plants, the heating tanks are built to contain Iwtwcen 
10 and 30 tons of the crude asphalt. 

The heatiog is eCTected by one of two means: 

(1) By direct fire heat, in the form of a combustion chamber underneath the 
tank, encloseil in lire bricks. Three kinds of fuel arc used for this purpose, de¬ 
pending upon which is most readily obtained in the locality where the asphalt 
is to be refined: namely, coni, oil, or gas. Coid is burnt on a grate; oil is usually 
sprayed into the combustion chamlier by eompre.ssed air or steam; and natural 
or producer gas is introduced through a suitable type of burner. 

In any ease, the licst practice eomsists in protecting the Imttom of the melting- 
tank by a 6re-brick arch work, so that the hot gases are compelled to circulate 
back and forth. This sulijecte the bottom of the tank to a more uniform tem¬ 
perature, and tends to prolong its life. At the same time, it economizes fuel by 
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more thoroughly extracting the heat from the hot goNee, due to the increased area 
of contact with the IxUtoin of the tank. In .•«oiue instaliationx, the imKlucta of 
comhustion are cuiwhI to zigzag liack and forth uiuler the melting-tank several 
times, to aceoinphsh this more efTe<‘tively Some re<'ommeml the use of a |K“rforHt<jil 
liTick arch to distribute the hot giuH's uniformly and prevent the Uittom of the 
tank from l>cing overheated locally. 

Fire melting-tanks an* usually semi-cylimlrie’d in form, although somelimea 
they may la* reetungular at tlie top, with a .senii-e>lmdrieal iKittoiii (hg W) 



Side Elevation Ertd Elevation 


Fu; ‘ 2 ^* SliH‘! Melting'lank. 


(■>) Hv moans of stssim. In this ras.- Ilio hontinii is olToohsi hv onils .if sloi.ni 

p.,H.s onnhiinoil ,n the tank. ...ml <.n..-„.n.r(or lo H-.n ,.„«.s nr.. .. y 

,,,0,1 tor tins ,...r|.os... Aooonln.K t.i Iho Is-si |.rn,.|...o, iIiom' nr.. Is.nl ... . ..I 

,.om,K>so,l of n oontinoons lonMi. <.f |s|.o nilhool .. Jo...i» 

.•.insists in usinR o.ust-iron liou.lors mill slrmuht lonKlIis of U or M-.n |.i|ss 

"“r.‘.n''is'l7:t pressures l.iiv.vn 125 nn.l I... Ih Tins ... Iho tom- 

pcrnturc of tl.o :«.phnlt to illXI or «K)" K Slonn. I.io. Il.o ...Ivn.iinKO ovor firo 
teat in not ook.nR the asphalt, winch wm.hl lon.l lo msolato tin- Is.llom, .mh.oo 
local overheating, ami hum o.it Iho tank ... n oon.pari.t.voly short time 

The lime ol licatmK ran te redinssl maUirially hy agilatmii the imphalt mooten- 
ically, since the tmnslcr of heat Ihrough a mass ol asphalt is very slow, Iht, 
agitation may be accomplished: 

111 Bv jets of dry steam which should te introduced after the lemterature of 
the Iphllt ll^mrsufficienUy high to pmvent «,nden«ttion, and thus avoid 
excessive foaming.' 


(2) By jets of air. 

(3) By mechanical agitators. 

1 u s. P*t 512.4M ol J*n 0. IBM. *o ^ 
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ASPHALTS AND ALLIKD SUIiSTANCES 


During the prwcfw of dehydration, the mass is apt to froth when the temper¬ 
ature is raised Iwyond the tailing-point of water. For this reason, it is well to 
build the Links large enough to afcominodate the foam without danger of over¬ 
flowing. Shallow tanks are preferable to dei'p tanks. 

Certain types of asphalt are most difhrult to dehydrate, as they foam very 
badly. Numerous devicc.s have Ijeen used to keep down the foam, the simplest 
and most succe-ssful con.sisting in directing a current of hot air against the surface 
of the asphalt while it is lieing melted. 

The use of steam accelerates the cvaiioration of the more volatile constituents 
in the asphalt, and is therefore apt to cuii.se a gn^ater shrinkage during the dehy¬ 
dration than when air or incclmnii'al mi.xing is asiai. On the other hand, air is 
apt to "oxidize” the asphalt and increa.se its fusing jKiiiit, especially if its use is 
continued for long isTiods of time (we p. 

Any impuritic.s such a.s vegetable matter, chips of wood, etc., which rise to 
the surface when the asphalt is melteil should Ik* skimmed off \\'hen the asphalt* 
is thoroughly meltcil and the fouiniiig ceases, the dehydration is complete. It is 
u.sually unnecessary to raisi* the teinpiTaturc of the a.sphalt higher than 350* F. 
'I’he dehydrated asphalt may Ik* di.schargc»l. 

(1) By a valve at the bottom of the tank, |>ermitting the asphalt to flow out 
by gravity. 

(2) By a rotary pump which may either be steam-jacketed or surrounded by 
a steam coil in <-l(>se conbict with the pump, the entire installation lieing well 
irisuint«d. 1’he rotary [uirnp is usually installed above the level of the asphalt, 
and the intake pi()e extcnd(*(i almost to the l>ottom of the henting-tank. 

(3) By means of a pneiimatK* lift installed })clow the l>uttom of the tank. 
The asphalt is allowed to flow by gravity into the pneumatic lift, which, by a 
suitable mechanism, automatically sluits off the flow when it is filled, and then 
admits compressi*d air, forcing the aspfialt upward through the discharge pipe 
The pneumatic lift may either lie .ste.im jacketed or hejited with a steam roil a.s 
describcil. 

Asphalt may Im* piimiNnl through pijK* lines for distances of 5()0 feet or more 
'fo effect this it must be mamLiined in a m<*lfed state 'fins is .‘iccomphshed by run¬ 
ning a steam pifn* of sin.'dl ilianieter inside the pipe carrying the aspfialt. 'I'he ou'^r 
pitM' shouhi be well insulated. 

Sedimentation. 'I'liis procosi is used to sepurato the w.ater where it 
is present in suhsUntiiil quantities, as well as any eoai-se particles or lumps 
of mineral matter, it can only lie used successfully with asphalts or 
other fonns of bitumen melting below the boiling-(M)int of water (212° F.), 
and not carrying tlie water in an emulsified state. The a.sphalt is main¬ 
tained at a temperature not e.xcceding 200° 1’. by any of the devices 
descrilMxi under “ dehydration,” and allowed to undergo a process of 
" Sedimentation,” whereby the entrained water and coarse mineral matter 
settle to the Ixjttom, leaving the purified asphalt on top. The latter is 
then carefully drawn off.* Steam heating is most satisfactory for this 
purpose. 

' U S Pm, 580.MJo( Apr. 1.1. I SOT. lo A .v r, Bril 
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In wnme chuca milv h |X)rlHm of the wntor sfp«r;Uo:« !>y WHlin«*nlAti»n, wlwro- 
U|Miii th<* prw*'^ !’« NuppliMiH'iittsf by oim* of (h‘h>tlratjon 'Hu' s»Hl>mt‘nt«tion ^vjII 
mnovf inont of Ihf vmler «ntl hiis the advantnKe of nintcrmlly hhorlenmjt the 
dchytiralton |>it¥*esf». A <x>mhinaiion of the t\so |>ro«x‘«?<*a will thus pn»ve inorv 
effective than the use of either one alone 

Since water U!*iiHlly haa a higher a|>e<*ifie Kravity than inelle<l n>phall, it temla 
to settle to the i>ottom of the vesac*l t'ontaininf; it 'I'hw invariably proven to Ih» 
the case with the aofter foriii.s uf native liaphalt 

Extraction. Two iikhIiji have Ihvii used for lliis ptiriKw, namely 
water and volatile solvents. As the melli(Mis aie eiilih’ly dilTemil, tliey 
will I'f eonsidenHl M*parately. 

Hjtraction hif Mains of Habr 'I'lns inethoii lias Ikxmi used with 
n ore or less sueeess for extraelin^t asphalt from asplialtie sands, sand¬ 
stone and limi'stone. It is hami on tin* prm<‘iple tliat water has a liitther 
s|MMifie gravity tlmn the nielled asplialt. and a lower KiH'ity than the 
aeeoinpanyiiiK mineral inatli'r. so that wlien IkuIihI lojfetlier, llie melted 
a-xphalt will rise to the surfaee and tlie mineral eonstituents w'ltle to the 
bottom ' 

'I'o Mold suooe^sfiillv to this metho<l, the rcxk jisplijilt nm'<t jkihm'kh the fob 
luwin^r <'harjictcri'-tn> 

fli The :i'*phall prf“«enf in the rook »houhl have a fusinK |>mnt of not exri'edinn 
tm 1' iK <V S iii<‘tho(| Tost i 

, 2 i '1 ho parlX'h's of niiiK'ral tnattor should U* unoonsolitlate«l. 

idi 'I'ho Krains of mimTal matter s|jould la* fairly -oarHe to enable them to 
voltle ra|)ldl> 

Kx|aTienoe has slioun that when the fu''inK-}M>int <»f the asphalt oontainei! in 
the rook I" hiidier than tKI I- , laalini! wator will not elTeot >i tlairoiiKh si‘par>ition 

A sjiodinoii of asphaltio sand tditained near Woodfonl, Okla, oarrvitiK approx- 
iitaiteK 11 ! |H>r <a‘nt of a'^pfialt and SH |»or unt of sand m the foiin of liMiHe, 
roiinde*! jrrains l«*tween HI- and SO-ine-h. ss-parated laitU oomplelely on ItoilinK 
with water 'I'Ih* pure a'pludl -liowed a fiiMiiu-pomt l»etwis-n iir» and 7ir K. 
(S<‘e p 'HI ) 

Anotlx'r asphaltic stiini obtained near Fort MoMiirr.'iv, in north(>rri AllK>rtii, 
oarryiriK approximately !.'» jht eent of tisphalt and K.'i |H‘r ca*nt of non-rompaet 
santl, IsMween 40* and 100-ine-h, hkewisj' larjrely M'parale<| on UiiliiiK with 
water 'rhe fusinK-fxMrit of the pure asphalt wjis .V)' F (S-e p. ItHi ) 

The same wjw true with an a.sphaltio lUiinl oarryiiiK 17 ikt oenl of asphalt 
obtained from a de^Kisit 4t'> miles northwest of ICdinonton, and 12 inil(‘H north of 
Onoway. In thi.s case the pure asphalt fiwd at 1)2'' F. 

A Mexican asphaltic sand carryiii}? Iti |a*r eent of asphalt also s(>panit«Mj eoiii- 
pletely on boiling with water, the fusing iwiiit of the purr* .-tsphalt lading 78“ F. 

On the other haritl. (vrtain nsphaltie samls obtained from various loeaiities 
of Oklahoma, currying lietucen 10 an<J ir> |M>r (xnit of asphalt refused to separate 

' .ir«nf« and Mar. 190*1, l>y T»r Spnric* Anphnil fo , Tur 

Sprint*, UtU ", fn 0 Xftn J , I>r< |7. ItMM. ' Aiplialt Muiinx »ti<J Kchning in Okitbum*." 
tj> W K Crauv 
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on boiiing with water. 'Plie fti^ing-iminLs of the pure asphalts were found to 
1)6 113® F., IlH® F., and 127° F., resjjeetively. The particles of the sand were 
su)«tttntia)ly similar to the preceding, ranging Ijetwecn 40- and lOO-mesh. 

, f’lants for the water-extraction of jisphalt from rock asphalt have been in opera¬ 
tion in Oklahoma (sand asphalt); Texas (asphaltic limestone); All)erta, Canada 
(sand asphalt); Pechclbronn, Alsace-Ix)rraine (asphaltic limestone); Scyssel and 
Bastenne-s France (asphaltic liniestone); San Valentino, Italy (asphaltic limestone); 
aiul 'lataros, Austria (jisplmltic limestone). 

According to S. KIl.s;* 

“'I'hc results when lint water and stcani have lieen used have liecn most encouraging. 
A fairly ra|>nl and coiiiparafivcly liie\|M“n''ivc separation ha.s lM?cn fiossible, but 'n actual 
coiiitricrcial practic<‘ the extraction h.xs not Ix^cti siitticiently complete. Summarizing 
all evi(l<*m*e available to the writer, it ap|M‘ar.s that as at present understood, the use 



Fill. 2t5—Apparatus for Separating S»)ft A'*phalt from Sand by Means of Water. 

of hot water or sleam. or a 4-oinbinatioii of the two. will not gni' a coinmereial extraction 
of more than t>t) {mt cent of llu' bilunKMi i-onlaiiied in averagi* bituminous sand rock 
In attempting to .st'cure a higher [MTeentage extraction, a di.*>pn»|M)rfionafe inerea.se in 
cost will probably result ” 

'rhe machinery for extracting asphalts with water forms the .subject matter of 
various United States Letters Patent.* 

A cross-sectional diagram of an apparatus which gives fairly successful results is 
shown in Fig. 2l). A view into the top of this extractor is .shown in Fig 27. The 
seimrated asphalt must lie treated m aeeordatiee with the in(*fh(sls dcserilieil under the 
heading *'Didiydration.” to .^[mrate the water which is meihanicidly carried along 
with it. If the proces.s hius lieen jM'rfornied pro|)erly. the purified a.splialt will not con¬ 
tain more than T) to 7 |K*r wnt of mineral matter. 'I’hc water-extraction process 
also is used for purifying ozokerite (sec p. 75). 

> “Pretimianry Report on the Rituminoun Sanda of Northern Alberta.” Dept, of Minet, 
OtU»». Cnnada. 1014. 

*6U.4I6. Au|. 7. 1900. to Jacob Philippi; 722.500. Mar. 10. 1903. to J 8. Downard and 
B. A. UoloKn; 91M28. Apr. 20. 1900. to George M. Willia, 1.190.633. July 11. 1916. to C. 
L. Cook and J. R. Price. 
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Eitmriion ii'iUi .'Wtyii/.v. Carlion ilisiilpliiilc, |ietrolouni distillates 
tn<l lieniol have Ih>oii u«h 1 for this purixise. 'I'his method haa not proven 
fuet-essful commercially, on lU'coimt of its exiiense. Sevend plants have^ 
been constructed in the United Stat«w for exIriUtiiiK imphalts from asphal-' 
tic sands and sanilstone. The Alcatraz Asphalt ('o. of Alcatraz, Cal., 
erectcsl an elal)oratc plant for Inxitiiit: rock carrying lit to Iti (x-r cent of 
asphalt. The venture, however, proved a failure through loases in solvent 
{a light distillate of ix-troleum), which made the cost of treatment pro- 
hihilive The loss was due in |)art to unavoidahle eva|s»ration during 



Fhj 27 I/KtkiiiK into iIk' Top cf <hc KxtnM’tJUK Appjirfilu.'*. 

th(‘ pnxt^s. mIm) t*) llu* impo.s'^ilnlity of fully riM^ovorinn the 

M)lv('ut from the cxlrartcd asphalt. 

A iiumlKT of patents have Ikhmi taken out eoverin^ the use* of 8olv<*nls:' 

Tho Holvcat oxtMction proco.-vs has U-on U‘ 4 »(l 'umcssfullv for nu'ovurinR rmmtiin 
wax from lignite at ThiiniiKia. Saxoii>, aN) from the iiiiiieral pyropiMHite, whieh 
IS found a.s.'oeiated with lignite fit \\ eiswrifcls, near Halle, (lertnany Henrol 10 
generally ii.stHj for this puriK)S(‘, although 111 certain cases jietroleuni distiiluteii 
have given go(sl results ’ 

* 4.'»2,7M ol Mtiv 19, IR91. lo Sitluth/- r*Hl,54r», of Apr 27, 1K97, to U A Krtaoh, 

617.22rt of Jan ISQO to A S r.tofHr tU7.7l2 of Jan 17, ISW. to A F 1 . IWl, llAMiK) of 
Aiir 7, 1900. to A F I, Ikll. l.Ooo.OlO of Apr 2tl. Itll.'t, l« K li Murray and O. K McDermaiMl. 
>G«r PaU 99,506, IU1.373, 116,45.3. and 204,256. 








CHAPTER VII 
MINERAL WAXES 
OZOKERITE 

OzoKKRiTB is a native mineral wax, composed of the higher mem¬ 
bers of the ('»Il 2 »+ 2 , and ('oHao series of hydrocarlKHis. It occurs 
in dc|K)sits usually associated with jictrolcum. Certain varieties carry 
a proportion of |)etrolcum in solution with the wax, and the more 
petroleum present, the softer the consistency and lower the fusing-point. 
Ozokerite as ordinarily found is fairly hard, and has a comparatively 
high fusing-|)oint, ranging from 150 to 180° F. The fusing-ixiint has been 
recorded as high as 200° F, (K. A S. method). Ozokerite containing 
iretween 10 and 15 per cent of petroleum in solution, shows a fusing-point 
between 140 and 1.50° F. The petroleum can readily be evaporated by 
applying a moderate degree of heat, and is expelled (luring the refining 
pro'^ess. 

The color of ozoktuile depends u|X)n the nature and extent of the 
impurities present, and ranges from a transparent yellow to a dark brown. 
In rare instances, ozokerite occurs in a diehroie variety, .showing a dark 
green color by retleeted light, and a pure yellow by transmitted light. 
It breaks with a eonehoidal fracture, and Inus a characteristic waxy lustre. 
Its streak on |«)rcclain varies from a transparent white to a f>ale brown. 

Ozokerite is usually found filling veins or fissures, which arc very 
irregular in slrueture, varying from a fraction of an inch to about two 
feet in thickness. Some extend for comparatively long distances, whereas 
othei-s pinch out very suddenly. The veins are usually caused by faulting, 
which aw'ounts for tlwir irregulaiity and gives the vein the appearance 
of a series of pockets. (See Fig. 21.) The indications are that the 
ozokerite entei's the faults or v(‘ins from below, which is borne out by 
the fact that the material mined at a depth is materially softer and 
has a lower fusing-point than that obtained near the surface. 

Ozokerite may occur in a pure state (comparatively free from mineral 
matter), which proves to be the eiuse when it is found in vein fonn, or it 
may lie associated with sandstone or shale. In fact, it is (|uitc eommon 
for the entire region surrounding the vein to lie saturated with ozokerite. 
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A paraffinaceous petroleum almost invariably occurs in the strata 
underlying the ozokerite, which would seein to indicate that the latter 
must have l)een produced by the slow haniening and probably also the 
oxidation of |)Cti'olcum thrcu^thout ccnturu's of time. Dzokcrite, ili<oIf, 
however, is practinilly frt'O from oxygen. In tins particular casi*. then** 
foiv, the t'ffect of oxidation is to eliminate hydixincii, and form hydro- 
carl>ons of higher molecular weight p. 

The {H'troleum un<lerlymj: the ozokerite usually contains from 8 to 
12 |)er cent of parafhne, whicli, lio\\e\(‘r, is entirely iliffenait in its char¬ 
acter from the hydrocarbons contained in the ozokerite. This proves 
conclusively that ozokerite is not formed inei-cly by the eva|Kiration of 
p<‘troteum. but must have lasai prodticial by a proc(‘ss of metamorphosis 
or |M)lymerization. 

Ofi di''lillinK at atiiKwpheric prossim*, o/ok»‘r.lc (!»v'an»|H)se«, wlirn*aH wImui it is 
(il^tlllell iiii'ItT nvIiM-eii pressure, its ('oiii|M»HitM>ri chanin’s hut littic 

(l/.i)kerite as il i» iniuiMi is hv !i:iti<l picking to wparate (Ik* pure 

niatcnal fnutt tli.il assoiia(4*<l with earthy riiatti-r 'I'he hitter, uhieh is kiioMii its 
‘’wiiv-vtoiie," I- hriiken up t<t remove aii\ lumps of nx'k tiiMi piirifM‘<l hv cslrae- 
tuui with water (see p 72' ’rh«* luelhoil um*<I for this pur|M>M* w very eniile, 

aiui eotni't-v iiiereiv iii intihiiK thi* WiiX'stoiK* with vvat<*r in lar^e open kettles 
Hie "ainl-lnne or shale separ.ili's to the holtoin ami the melted orokerile floats 
ill a later on tlie surface, wheieiiiKtii it |s skiiniiKsI olT, Uitli'd to evajMirate the 
water and ea^t into hloi ks The lomniiTcud material is eomparalively free from 
mineral matter, ran’lv cont.iimnir o\er 2 jier cent 

(>/ok(‘nle may Is* letined s|||| further hv heatiiiK to 121) 2(H)‘' ('. with 2(1 per 
ei*nt ii,\ weinht of eomentraled sulphuric .n nl 'I his hleaidies the o/okente, foiiiuiiK 
a product almost winte in <olor. known as ‘‘cen'sine” hroin 10 to 15 p(*r «enl 
of the o/okeiitc IS lo.sf diirmir thi* tn.atinent, hut the fusmK*|H>int of the product 
IS increased I'he final Ir.iees of ncid .are removed and the hle.acinnK process eoiii- 
pleted hv adding from 5 to 12 |mt cent of dry residue ohlained fiom the iiutnii- 
faetun* of ■•ferroi'vanides ■' The m.tin dilTerences U*tw(s‘n o/okente and eeresiiie 
are in the tailor .ind fusmK*|ionit 

O/okerito ami eere^nn* are UH*d in the inanufac-lun* of liiKh-Knidc etitidlcH, 
colored h'ml iH*ned'*, for linishini' otT the iieels and soles of shix's, manufaetunriK 
sIhm* iM)li'hes. elfctrical insulating pnriMis<*s, aiid vvaxiiiK tliwirs 'Ihey are readily 
solnhle III turiM-ntme, |M*troIemn distillates, i-arlKUi <!isuli»hide, and iK'fizol, hut 
scarcely Miluhle in alcohol 

Punlicil u/okerite and eeresine eoinply vxitli the following elmraeteriMlics: 


(TcbI !'• Colttr III iiiiihK 

I 11*91 ti 1 rii< iiio 
« r<-»l '•> I tjsOi 

(TiM •») Slr»-ali 

< 7) S|n-<ih( i;ravtl\ at 77' ^ 

I Trst n<i) Hiir'lritttji. M'tli 8 8r»l9 

<T«-8t IVin’lration at -t/® K 
t’ciieiration at 77® f 
Pcfi«>i ration at 11.*,® F 


\V Inti't" M‘ll<,« to hruwii 
( OIK hoifial 
luill li» "wa«y” 

Traii8|iaieiit alnfe to yellow 
0 h :, 1 INJ 
I.ifa tiiaii 1 
(I 

20 :vt 

1 .W- 2 :j0 


The number* refer to te«t*. which are de«orit>vd m detail in Chapterx XXVIll to XXXI. 
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(T<«t Vc) Consittonietcr hardnesa at 32^ F 
('onawtomcter banineas at 77® F. 
(%>iiiiatoiiiotpr hardnesa at 115® F 

(T«»t 9d) Hua4-oiitibihly factor . 

(Teat 14{i) JJebaviur oo nidti/ig. 


(Test ir»o) Fuamft point (K matUod) 
t'Vitl 1'.0 Fuo<l carljoM 
tTcrt 21a), Holublc iti carbon tliaulphide 
(Teat 216) Non>miricral matter iiiaolubic 
(Teat 2li') Mineral matter 
(Teat 22) Carbones 
(Teat 23) Non-nnnoriil iimtter aolublo 
napbiha 

(Teat 2d) Carbon 
(Teat 27) 

(Ti-at 2H) 

(Teat 'J'n 
(Teat ;i(») 

(Teat 33) 

(Test 3.')) 

(Tent 37) 


.AlK>ve 190 
20-40 
5-15 

. ... Greater (ban 80 

. Piuuee ra()i(iJy from a aotid to a 

)j(}iiid slate, melting to a very 
thin liquid of comparatively 
hltle \ lacoeity 
. . 140-200® F. 

1 - 10 % 
fl.'i- iiKiv; 

<»-l% 

I) r,% 

0 3 % 


in petroleum 

7:) 95% 
M-8ti% 

Hydrogen li> 14% 

Sidpbiir 0 1 f)';, 

Nitfoaen (I I) 

<»*VKeii (I 2'; 

Solid parnirine wax 50 00 ’’' 

Siil|)lioiiution rejiidiie,;««) 350" C diHlillate 90 1 ( 81 %, 
Sa|Minili(ildv crinHiiiiientfl 0 2'’,', 


Very ofton those produet.s are luhilferated with paraffine W’ax, rosin, tallow, 
Hfearie aeirl or mineral fillers (.such ns tale, kaolin, ftyps'nn, etc.). These may be 
(leteettsl jw describetj on page fid t. 

Ozokerite oceiira in the following loea!itie.s: ‘ 

Galicia. Tho most imiiortant ozokorilc doposits are found in the 
(jirpathiiin Moiintjiins in the districts of Drohohyez (coniprifing Bory- 
slaw, Wolankii and 'l'rusk;i\vi(H‘) and Stanishiu (coinpriaing Dwiniaez, 
Strauniii, Wolotkow and Ni('l)ylO\v). The largest dei)osit is located at 
Roryslaw, a small town in (lalicia, and has been exploited since about 
1859. It is found at some depths lielow the surfatte, associated with 
schist and sandstone, and it is mined by means of shafts and galleries. 
Alioiit 1500 shafts hav(' been sunk in the district. 

The following varieties of ozokerite are rect^nlzed in the Boryslaw district: 

(1) Marble Wax is very hard, of a pale yellow color, with greenish, brownish 
and black markings, giving it the apjicarance of marble; 

(2) Hard Wax is darker in color than Marble Wa.x and sliows a granular 
fracture; 

(it) Fibrous Wax is characterized by it.s filirous structure; 

(4) Baggn is very dark in color, and has a comparatively low fusing-point; 

(6) Kindelml is chamcteriietl by })eing soft, of low fii.sing-point and a black 
color. It contains petroleum and mineral matter. 

‘•‘A TreMlM on Otokerltr,” by E B Gfi«lmif. School of Mines Qiiarterlj. li. 41 , l« 94 , ‘■ 13 „ 
Efdwsph*. Oiokerfte iiml CerMin." by Berlinerblau. 1897. *'Der Efdw*cli*l>«r(tb»u in Boryalaw,” 
J. Muck, 1903, "Mineral Wa*ea," by Ruduif Grenornia. 1905. "Daa Warhn und seme techmache 
Vanvenduoic." Lud«ig Sedna. 
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(0) Blowor Wux (Malka) a pa!»* yoll«>w varirty «f o^okoritc which ia wpieoiwl 
out of the veins due to pr^'^Mire of the <iirroutHhn}i roek'<; 

(7) Ix'p IS a variety of ozokerite jtaso<*mt<Nl with a sulwtjintial projwrtion mineral 
matter. 

The do|)osit at Wolaiika smaller than that at Ikiryslaw 'ITie oerurrenee at 
Tr\i.ska\viee ihffers from tlie tUhers hy the preM*ma* «f a eoinparalively lar^e |ht- 
nuitaKe «»f .•‘iilphur 'I’he <»/t>kerite m (In'* lor.ihty is uKSOi'iaUHl with native Mil- 
phur, lead sulphide. Kyp-'‘uni, and |H'troieuin 

At Dwim.u'z, Siraiiiiia ami \\\»lotkow. ahoiit 70 niih'.s south of Itoryslaw, tlie 
ozokerite veins an* loc.ited some di’^lam-e U'hiu (he surfiu'e, in Isals of rlay helw<a*n 
layers of shah* (‘on-'iderahle o/c»kc‘ri(e ha^ U*en mined in this diotrirt, ami par¬ 
ticularly at Dwiniacz. I'he veins\arv in *>i/e from \ in to alsiut 1 ft. 'I'lie rock 
in the vicinity of the veins is iiujireitnated with wax conlaininti: an uv<*raK<‘ «f 
'2 iH*r cent 

Rumania. l)(*|Mwi(s of ozokerite an* also fotmd in u .spur of the Car¬ 
pathian Mountains in the provuiee of Moldavia in l{mnania. It Iihh 
hmi miiH'il in .several loialities, the l.iiye.st \ein oeetininK in the City of 
Slanik. beneath a bed of hitiminious sliale, assoiiatiMl with a vein of 
eannel eoal. This deiMisit is eharaetenzed liy its hi^^h fusiliK-IKiint, 
in the neiuhliorluxMi of 2tK)® T. (K AS. niethoil). 

Russia. Small de|M>sils oia iir in 'rran.scaspian Province on the north 
slojx' of the Caucasian Mountains at Kouhan, al.'^o on lh(‘ Islands of 
Swajtoi and Cheleken in the Caspian Sea. 'I'he laritest deposit in ItUHsia 
occurs at the last nameii place amompanied by |K‘trol(‘um in strata of 
clav and chalk.* Minor dejxisil.s are also said (o occur at Baku. 

United States. 'Die most impoiiant de}Kisit occurs in Wasatch 
County, Ctah. near Colton m I’taii County,* m a U'd of oil shale. 'Phe 
veins extend from ai'out two miles west of ( olton to withm a few liundrtMl 
yards west of the railroatl station ol Soldier Summit, or a total thslanee 
of twelve miles. PIk'm* oil shales o\erhe a Ixsl of clay in which the ozo¬ 
kerite oi’cui’s. A iiectiliar f(*ature of this ileisisit is the oeeurrence of fossil 
shells lo^telher with other animal remains. The veins have been worked 
duritiK 1910, about 1 tons havini; Us*ii mined, and part of theouliiut re¬ 
fined and marketed m the* form of eeresine. The following analytical 
results have been rejKirted: ' 

v'l ml 11 < ol'T III tiiaAH 

> I |i Irn'ltifc 

I I <.*t i»i Streak 
{Tint 7i .-jn.iihr nraMt> at 77" t 

> " The Oaokenle Imlijiitry on the |iiUn<l o( (■’heleken.” Prirottum H wrW, 14, 1917. 

’"The Oinkente DepwCi ot .Ki.lUi.f SiiiiniiU. I’tah,” 1>.V W C IliKiririi*. Snil l.nk* M\n Htt., 
19, 17. 191ft. ’‘OiokefUe in Tlnh." I Monnr-I, Wi/tinu .SVt I'rif, lit, yUl', lUlft. 

Ind Hng Tlxm. t, 97J. I'Jl-l 


\ rll'.wifli liroHn 
(oiK lioxlal 
Ihill 

I'ale \cll<i« 
l> S*)l 
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(Test 9a) HftrdneM, Mob'f •cftifl.. • Lett thao 1 

iTett 9fc) Penetifttian tt 77® F. 30 

(T«tt 16) Volatile, 212® F., 1 hr . 0 0% 

Volatile, 325" F., 7 hni. 45 41% 

Volatile. 400® F. 7 hrt . 65 2% 

(TettlO) Fhedfarhon. 9 6% 

iTett 20) Dietillation teat: 

0-150® C. 0 21% 

150-200® C . 8 91 

200 250® C . S 08 

260-300® C .17 69 

3<K» 350® C 25 89 

350- 400® C . 26 85 


Total Aultrile . 78 93% 

Noii-vr>!atile (6xe<l carbt'D and ath) . 10 07 

Total . 100 00% 

(Ttit 21a) S4)liil>ilitv in carlioi) riiaiilphide . . 99 46% 

(Tett 215) Noifniineral niatti'f inaoinhic . 0 50% 

{Teat 21r) Free mineral matter 0 046% 

(Teat 22) Inaoliihte earboii telraelilonde 2 5]% 

(Test 23) Solithio ill 62° iiaphihn 81 71% 

(Teat 24) (trams aoliihle in I(K> |{raiii5 of Ihv foliowinKtolventt 

(eold). 

Amyl acetate . I 

Amyl alcohol Insoluble 

Arny) nitrate 7 

Aniline Insoluble 

Tleniot 18 

Carlnin disulpliule Solulde in all proportions 

Carbon telrachlornlc Soluble in all proportions 

C'liloroforiii Soluble in all proportions 

Kthyl acetate I 

Kth>l alcohol IiiBoliibIc 

r.thvl ether 13 

Naphtha, 62° 7 

N'ltrobentene Insoluble 

Propy I alcohol liiaoliilde 

Toluol \er.\ soluble 

Turpentine \er> soluble 

(Test 26) Carbon 85 3.5% 

(Test 27) llvdtoitert 1386% 

(Test 28) Suljihiir 0 2t)%, 

(Test 29) Nitroaen 0 36''p 


At Thr«!l, TpMts, in tlip so-cnllnl Thrnll Oil Field, another deposit has been 
roporled. The crude mnlerinl is soft, due to the petroleum associated with it, 
and of a dark firown color If htts a strong: odor of petroleiini, and a specific 
gravity at 77” F. of 0.S75. On l>eing hentetl to 100” C., it loses 14,72 per cent 
in W'eight, and at IHO" (\ a total of 23.14 jier cent. On being freed from petro¬ 
leum, it shows a fusing-iK)int of 175” F. 

IIATf’HKTTITK OR HATCHETTINE 
Tlie above names are assigned to a soft variety of oiokerite fusing in the 
neighborhood of 120” F. (K. and S. method). It varies in specific gravity from 

• y. /nd. gnf. CAm . 8, 1095, 1916. 
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0.90 to 0.98 at 77“ F., and haa a yelluniah-whitr, yellow or greeniah-yellow color. 
It waa named alter C. Hatchett, an Enitliah rhemiat (1765-1847). It ia found 
near Merthyr-Tydvil in Glaoiontanahue, England, also at Loch Fyne in Argyl- 
ahire, Scotland. 

SCHEEHERITE 

A native wax found in a bed of lignite near .81. Gallcn, Switierland. It 
occiira in the form of crysfata tmonoelinie) and of a white, gray, yellow, green or 
pale reddish color. It is more or leas tranalncent to trana|iarcnt, and haa a waxy 
feel. It is composed chiefly of the nieiiilH.ra of the [larafline aeries, and fiiaiw at a 
temperature of 110-115" K. 


KARAITE 

This ia a waxy hydroearlwn similar to oaokenie or aiheerente, which has 
tieen found in meteorites. It La only of acienlifie interest and haa no eunimercial 
importance. 

MONTAN WAX 

As stateii previously, inoiitan wax is dissolveil from oorlain non- 
asphiiltic pyroliilumens liy nienns of volatile solvents. The lignite or 
pyropissite is first ilrietl, then pmnulateil, and finally extracted. The 
extract is cvaixirated to ivcover most of the solvent. The last traces 
of solvent are ex|)elled from the niontan wax l>y distillation with steam, and 
rccondensed. 'I'hc crude wax differs widely aecortling to the source, 
Thuringian lignites yielding a hard and lirittic wax, wherens llohemian 
lignites yield a softer product. 

Ninety per cent of the montan wax pre.sent in the lignite is removed 
in this manner. Aliout 10 to 15 [ler cent of the solvent is lost, hut the 
high price obtainahle for niontan wax renders this permissihle. Vsually 
8 to 10 per ecrit of montan wax is extracted from Thuringian lignite 
ha,sed on the dry weight of the latter. In exceptional cimes, as high 
as 20 per cent has lieen obtained. I’yropi.ssite yields lietween .50 and 70 
per cent of montan wax based on it,s dry weight. Unfortunately, the 
supply of pyropissite ia largely exhausted. 

According to (Iraefe,' the following percentages of montan wax are 
extracted by benzol from the drieil minerals: 


Bohemian Lignite .... 1.29% 

Texas Lignite . 2 07% 

Lignite from the region of the Khinc.4.70% 

Lignite from Vladivostok.5.38% 

Lignite from Thuringia, Saxony . 9.03% 

Pyropissite .69. .50% 


" nr*unJ.ohI«ot<“rf-Inrtti*lrM',‘' IW». 
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The montan wax industry is not practised in the United States, but 
is localized in Saxony.* 

Montan wax contains esters of acids possessing high molecular weight, free acids 
and a small quantity of substances containing sulphur. Various formula have been 
assigned to it, including CuHaO, CjiHmOj, CjiHmOj, and CuH^O, 

At ordinary tem|)eratures it decomposes when distilled, it may, however, be 
purified by distilling with superheated steam in vacuo. In this manner the foU 
lowing products tire obtained: 

(1) Pure odorless montan acid; 

(2) Rehned montan wax; 

(3) A bright yellow wax containing paraffine; 

(4) A residue containing paraffine; 

(6) An acid-free cable pitch.* 


On heating with glycerine, an c.st(>r is obtained which has a much higher fusing- 
point (in the ncighlK)rhood of 200° K.). 

Commercial niontan wax complies with the following characteristics: 


(Ti‘*t 1) Color in ihbim. 

Crude montan wai. . . Dark brown 

Profiurt obtained by (iiatiliation in vacuo . Alniuet white 

(Teet 4) Fraoluro. ... Conrhoidal 

(Teat 6) Luatr»>. .Waxy 

(Teat 5) Streak on porcelain. ... Y’ellowwh brown to white 

tTcit 7) Speeifio gravity at 77** F .0 90 I 00 

(Teat Sc) HardneM at 77** F. (conaiatomeur). . . Above 100 

(Teat 9d) SuHceptibihtv factor >100 

(Teat 10) Ductility at TT** F. ... .00 

(Teat 1.1) Odor on heating Plpaeantly aromatie 

(Teat 14a) Behavior on melting Pamea rapidly from .he 

eolid to liquid state 

(Teat I6a) Fuaing'point (K and S method) 170 200® F. 

N 0 —Montan wai obtaine<i from pyrnpi.>wiiti' haa a higher fuaing-puint 
than that obtained from lignite, namely, between 190 and 200® F. 

(Teat 17) Flash point S-W to 575® F. 

(Teat 19) Fixid earbon 2 -10% 

(Teat 21a) Solubility in carbon diaulpliide Greater than 98% 


‘"Montnn Wax. and lU Rehaiior on Dielillation,” J Marevaeon and H .'<nie1kiis {Chrm. Zril 
41 , 120 ami I.'iO, 1917). According to rieenreich inontaii nax ahoae the fotloning figures, nhen tested 
in accordance with sptrhif tuelhoda dciiecd by him (CAiin Het AV(/-f/iirr-/i]d , 14 , 211, 1909). 


Saponifiention value ... 
Acid value 
Fster value . 

Acetyl arid value. . . 

Acetyl value. 

Vnaaponlfiablo. 

Iodine value. 


95 

93 

1.5 

93 

11 

29% (M.-pt.-146® F) 

12 


According to Mareuaaon (rAem. Rtr. FtU-Hart-Ind , IS, 193, 1908) montan wax testa as followa. 
when examined by the usual methods applicable to fate and oils: 

(Test 37a) Acid value. 

(Test 37c) Ester value. 

(Test 87d) SapoBifiratioo value 


« On. Pat. 260,697 of Mar. 29, 1911, 


. 29-33 
. 2S-73 
. 50-8S 
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(Teat 216) 

NoD-niin«r»l matter intulubl*. 

0 -2% 

(T«t 21*-) 

Minrrtl mailer .. 

I<eai than 3% 

(T<«t 23) 

Boluble in 88” naphthn . 

80 100%> 

(TMt 24) 

Solubility in ether and aleohol . 

X>nly partly aidiibla 

(TMt 26) 

Carbon. ..!. 

82 831% 

(Te*t 27) 

Hydrogen. 

14-14»% 

(Tut 28) 

Sulphur. ... . 

I.rM than 1.8% 

(Tnt 29) 

Nitrogen. . 

Trace 

30) 

Oiygen. 

3-6% 

(Te«t 33) 

Paraffine . 

0-1(1% 

(TMt 36) 

Sulphonation rMidue . 

0-10% 

(TMt 37) 

Saponifiable 

60 80% 

(TMt 41) 

Dimto reartion. 

No. 

(TMt 42) 

Aothraguione rescUoo. 

No 

Montan wax ia used for manufacturing shoe polishes, 

phonographic recortia, elcc- 


trical imulutiiig materials, and the like. 












CHAPT6R VIII 


NATIVE ASPHALTS OCCURRING IN A FAIRLY PURE STATE 

Undkk this heading will be considered the most important asphalt 
deposits containing less than 10 per cent of mineral matter figured on the 
dry weight. These include exudations or seepages of liquid or semi¬ 
liquid asphalts, also surface overflows and lakes. Most of these are 
characterized by Ijeing liquid to semi-liquid at normal atmospheric tem¬ 
perature, and by containing a comparatively large proportion of volatile 
matter. Only a few of the.se deposits are of value commercially. 

The principal dcpo&its are as follows; 

NORTH AMERICA 

United States 

Kentucky. 

Breekenridge County. The so-oallcd “Tar Springs'’ situated about 4 miles 
south of Cloverport on Tar Creek, have been known for many years. They occur 
as seepages of pure, soft asphalt at the ba.He of an overhanging cliff of sandstone 
where it joins a stratum of limestone. 'I'lie asphalt is accompanied by water 
charged with sulphur comi>ounds, and the surrounding rocks aliound in marine 
fossils. 

Grayson County. Similar seepages abound along Big Clifty Creek and its trib¬ 
utaries, in the vicinity of Grayson Springs .station. Some exude from sandstone 
and otliers from clay or shale. The seepages carry l>etween 5 and 10 per cent 
of free mineral matter, the balance consisting of a very .soft, “stringy” asphalt 
containing a laigc proportion of volatile ingredients and yielding about 15 per 
cent of fixed carbon. 

OkUhoma. 

There are only a few minor occurrences of pure asphalt found in the form of 
seep^cs in Oklahoma, including the following: 

Carter County. NE }, Sec. 10, T 2 S, H2 W; 10 miles north of Wheeler. 

Murray County. SW SE }, Sec. 15, T I S, R 3 E; 3 miles south of Sulphur. 

Neither of these has any commercial importance. 

Utdi. 

Uinta County. A pure, solid asphalt is found in Tabby Canyon, a branch of 
tho Duchesne River, 8 to 9 miles south and west of the town of Theodore and 
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about 30 miles west of FI. Duchesne. It has been exploited under the name 
*' Ubbyite”' and testa as follows: 

(Tttt 4) Fracture. ... 

(TmI 5) Luttre. 

(Tett 6) 8tr«ak 

(Twt 7) Specific gp»\uy »t 77* F 
(Te«t 9a) HnrtloeM. Moh'i scale, 

(Test 96) Penctrstion st 77" F 
(Test 9c> Consistency at 77* F 
(Teat 146) In flame 

(Test 15a) Fusing-point (K and S methotl) 

(Tost 16) Volatile matter, 325® F in 7 hrs 
Volatile matter, 4()()* F in 7 hrs 
(Test 10) F^icd carbon 
(Tost 2)a) Soluble in carbon disiil|>hi<|c 
(Tost 216) Non-mineral matttr inKolubli' 

(Test 2lf) Free mineral nmiter 
(Test 22) Carl>enes 
(Teat 23) Soluble in 86* naphtiia 
(Test 25) ('arbon 
(Test 26) Ilydrog«‘n . . 

(Test 27) Sulphur 
(Test 28) Nitrogen. 

rndi'tiTmimHl 

BoxeUkr Vounly. A pure viHoous anphiilt tiolwit oocunt bolow (he ImmI of 
Great Suit Lake, alrout 10 iiuleu south of Hogel, in the Prornintory IltitiKe * It 
is found in a series of horizontal veins .3 to 5 ft. thick in(er)H)eied hetwtHui lieds 
of clay, continuing to a depth of at least 140 ft. It is highly probable that a 
lake of a.sphalt occurred at thi.s jioint centuries ago, which in time becjune covered 
with sediments, giving rise to a series of veins. 

At the present time, mas.so.s of asphalt exude through the unconsolidatrMl material 
at the bottom of the lake, and rise to the surface in lumps I to 2 ft. in diam* 
eter This occurrence corresponds very closely with the Dead de{)osit (sec 
p. 13(>). On analysis, the a.sphalt tests as follows: 

(Tent 4) Fracturo 
(Ti**t .5) I,u»trc . 

(Tc#t 6) Streak ... 

(Test 96) Penetration at 32® F i200 k m 60 Kec>i) 

Penetration at 77* F (lao* ni.'iwcs) 

Penetration at 115* F (Vlg in .> wes ) 

(Teat lOo) Diictility at 77® F 
<T»Bt 16) Volatile at 3tXl® F m 24 Iim 
(T est 2la) Soluble in carbon di!itil(>)iiile 
(Teat 216) Non-nnncrnl matter iniEilnbl<- 
t Feat 21r) Free mineral matter 

CaUfomia. 

Kem County. The deposits of asphalt occur in the ww'alled "Asplmlto Region” 
in the western part of Kern County, aliout 50 miles west of BiikcrKHeld, in the 
form of large springs; also as veins. The character of the deposit varies greatly, 
both in consistency and purity. The superficial overflow covers an area of 7 

*/. /ad. Bnff. Chrm , $, 973. 1913. 

*‘’Oil and Aaphalt Proapecta m 8ajt bain* Haain, Uuh," Bull. No 2fitl, U. H. (Je<d. Hurvey, 
Waah . p 473. 1905 


Conchoidal 
Very linght 
Black 
12 
50 
17(1 

70 cm*. 

2 .33% 
95tiit% 

1 K4% 

3 16% 


CoDchoidsI 

Bri|bt 

Black 

1 U06 1 010 
l.eu than 1 
0 

M) 0 

Soften* and float 
178* F 

2 78% 

6 40% 

a 08 9 2 % 

94 7 9 2 1% 

0 5 11% 

4H 6H% 

0 0%, 

61% 

82% 

11% 

2% 

3% 

2 % 
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acre* in a layer 2 to 4 ft. thick overlying sand and clay. Part of it has hardened 
on account of exposure to the elements, and other portions ate still soft and 
VISCOUS. A vein of asphalt also occurs in the vicinity of the overflow, filling a 
fault, varying from 2 to 8 ft. in width, averaging about 4 ft. The nature of the 
asphalt in the vein is similar to that of the overflow. 

The asphalt carries from 3 to 30 per cent mineral matter, mostly sand and 
clay, also gas, which is evidenced by the fact that it loses between 5 and 15 per 
cent in weight on licing heated to 212” P. for one hour. The run of the mine 
averages 8.5 per cent a.sphal(, 10 per cent mineral matter and 5 per cent moisture 
and gas. ft is refined by heating, which drives off the water and gas and per¬ 
mits a certain amount of the mineral matter to settle out. According to Richard- 
eon the refined anphnll te.sts ns follows; 


(Tuflt 4) F’ffipttirp 
(T«‘st ft) l.iimrc 

(TfHf «) stri'Hfc 

(TcmI 7) SjM'cifio gratnv nt 77® !■' 

(TfMt 1)6) Fi-ix-lrutioii Ht 77® K 
(TfHl TumpiTuhirc' nt whirli it flows 

(Ti'nt It)) Volwlilf mnH.T, .H2ft® F. 7 hrn 
Vointilt Minttpr. 101)° F. 7 hrt 
(TpBt 10) F'xrit rnrlMiii 
(Ti-it 21ii) Soluble in curbon tiisiilplntle 
(Ti’-tt 216) Noii-ininernl niiiMer iiiitoliible 
(Test 21c) Free tiiiriernl nintter 
Tot nl 

(T4”>tt 22) (^nrheties 

(Test 23) Soluble m HH° nnplitbi 

(Test 34) Snturnted hydrocurlxtrin 


Semi-eonchoidal 
Hrittht to dull 
Black 
I 00 
n 27 
180® F 
R 6% 

19 9% 

8 0 % 

89 H% 

■3 4% 

(5 8 % 

100 0 % 

0 3% 

•W 4% 

28 0% 


The asphalt resembles gilsomic in its outward appearance, but is considerably 
softer yielding a smaller iHTcentage of fi.xed carlKin Hicliardson infers that the 
asphalt has Is'Cii nietaniorphized only part way to gil.sonile. 

This deposit of asphalt is not being worked at the present time, hut is of 
interest from the seientihe VM‘w-jK)int. 

A sample of h(|Uid asphalt taken from seepages in the so-culled “McKittrick 
Region, in Kern County, .shows .s|K>cific gravity at 77° F., of DM, and 10 ,»r 

r; 

I Veins of high-grade a,.phalt occur in La Orncio.ai hills 

about 4 to 5 miles cast of the town of C.raciosa in the so-called Santa Maria 
Region, IhoM arc irregular m formation, extending through shale and sandstone 
and vapmg from several inches to 2 ft. in width. Associated with these veins 
are Imd of impregnate,! asphaltic shale, extending over an area of a mile or 
two, and containing a variable [lerccntage of asphalt. One of the striking features 
of he,se occurrences is the pre,sence of marine fossils in the veins and 
shale, indicating that the asphalt is of animal origin. * 

San Im» ObhiH) County. A large surface deposit of soft asphalt pcsliiced bv 
SMpage froin the surroiimling shale occurs at Tar Spring Creek, a tributary of 
^ Arroyo Grande, 20 miles southeast of San Luis Obispo, covering an ar^ o 
200 ft m diameter and 3-15 ft, deep. As it exudes from the shale the asphalt 
« «oft and accompanied with sulphurous water; near the edge of the deposit 
‘ ••Modern Aapbnlt Pnvemcot,” loc. cit, p. 206. 
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it quite h%nl. nnd nt the etlge it vergetf towunls britUenexe. No Mia* 

JyUcal reaulU are available. 

Orefoo. 

CotM County An iinufiua) type of aj*phalt occurring in beds of coal has I)ecn 
leportoil at the Newport Mine at Libby, and Kerrey's Mine at Riverton, in the 
Coo'i Bay coal held It is h:ir<! aixi brittle, aitd siiiiilar t«) ('oal in apfN'itranee. 
Aliout oncMinrtI of llie non'inineru) mutter is insolulile in earlton ihsiilphide, 
yet the nmtenal fuses at a comparatively low feni|u‘rature (alKuit .'HNl' F i. 
and ha.s a s|H*eifir gravity of less than 1 10 at 77° K It may Ik* n'Karchsl a.s a 
nietainorphizisl asphalt or a glanee pit«'h It constitutes one <if those sub- 
8tania*s encounten.*<l oi'caaionally. falling on the lamler line so t*"* it lH‘<-onies 
a diflieult matter to arrive at its i-orreet classification For a long time it was 
known as a ’ Pitch ('oal " ' 'I'he following data would mrm to indicate that it 
partakes of the pro|M*rties of an asjihalt rather than of a glance piU’h. 


(T*'si ■!) t-rsimrc llx'lily 

yr.-.i iti^ir.- KiuH> Jull 

(r«Ki !•> stii tik iu»fk 

7' st-ufn- (tfiMU nt 77* F * t 

y.ii Ilnt'liH*". M'lli » AI»ouI i 

rt'nt yi-i 1*< i.i if.eii'/i jU 77' t- 0 

I I’i-ot '.lit ('cOiniM* iit'\ Ml 77“ F AIminc 100 

(IV-t Mil. Ii. Hmiim HoU.-i.-mu.I fl.iwi 

(l'<*1 i'no I ufiim-jxiiiit (i\ »M<l ■*• iiiiihmi) .aw" F 

{ r.-i I'n Fio.l tHrJi-iii 

I r*.sl .llul .’Nilulil' III •iiHiil|>liiili- O'* •! ai.'i*, 

I I't \uii.|i.iiii ml iiiiiior ui.»'<liiM*' -tt •lO.'l'. 

Fr< <- iiiiii'-ei.l THHio r ► ^ ' « 

S'lliiMi m Hs“ n»»|ihllm Atsnjl 10‘;, 

rr« "t.'?) suipiiiir ^ 


Mkxk’o 

State of Tamaulipas. 

Asphalt springs occur at mim(*rous jHiints along the Tumesi River, which, 
acconlmg to Uichanls<in.- show the following characteristica: 


(Tsst *M.i l'< ti< tmtiiJii m 77“ I -10 

(Tot 10) ft« -12“ F lino' ilrv -20% 

ft! I' for 7 III* (f'liiKil iiiKOniili 1 ft - 4 H% 

I.o.<n Hi 400® y for 7 In." 4 '1 R 9% 

(Test 17) niwh-|Mriril 

iTe»t 19) Fil'd rHrhoM t2 0 ID 1*", 

iTi-*! 21'i) Solubiliiy in rarlKin dimil|.l.i'ln ■r<ftn«xl lh•o•rnll) K9 I 99 0% 

iTi-»t 2lfc) \on*inin<ru! ni» 1 l«-f iti«*lul>l«- 0 1 8%, 

(.Test 2!'-) Ft'S- cnin'Ttil inatO-r t) ft 9 1% 


Other dcpositJ! in the nrighlorhwx) show a larner proportion of mineral matter, 
often running aa high aa Hit per cent 

Ckijol. Asphalt .sjiringH oceur also near Chijol, 25 miles west of Tampico. 
They arc comparatively soft in ronsisteney, testing over 90 per cent soluble in 
carbon disulphide, with less than 10 irer cent mineral matter. 

•■‘VioMssath Annusl Report,’* I* 8 Geot Harvey, Wuh , D C, Poet III, 368, 1809. 
*"Mo«lero Aepbalt Pavement." lo<* cU . p 197 



80 


ASPHALTS AND ALLIfiD SITBSTANCES 


State of Vera Cruz. 

Tuxinn. Similar (Ipposil.s are found in the neighborhood of Tuxpan, some 
di.stanie from the Tu.xpan Hiver, having the same general eharacteristica as the 
preeeding. Analyses allow that 90 per cent is soluble in earljon disulphide, with 
less than 10 |)cr ecnt of mineral matter. 

fVm/xi/ioh'. Similar deposits are found l.'i rnilea from Tindierdar at the head 
of the Tuxpan Kivcr, of an execedingly pure eharaeter, testing 99 per cent soluble 
m earliou iltsulphide, and less than 1 per wnt mineral matter. The asphalt 
varies in eonsistcney from a semi-lii|uid to a eomparatively hard solid, depending 
u|«m the length of time it has been exposed to the weather. 


Cuba 

Province of Matanzas. 

A pit fitted with pure liiiuid asphalt has Ixien reported in the neighborhood 
of .Satita Catalina Tins oeeiirs in a bed of .serpentine, and originally produced 
in the neighborhoiwl of 00 barrels of semi-liipiid asphalt a day, derived presiim- 
ablv from imilerlying |M‘troleiini-t«*armg strata. Other fiits iti the neighliorhood 
Hiniilarly yield lii|uid asphalt 


son’ll AMKKICA 

Vbnkziibla 

State of Bermudez 

T'lio sii-callial Bcninidez "I’iteli Lake" (l(■(■lll■s in a ,swaiiip\ reginii 
•III lilt' ivi'slern side of the (liilf of I’atia, opposite the l.slaiid of Triniilad. 
riie aspliall " lake ” extends over ilOO aeres in swaiupy land, at the nioiith 
of the (Inanaeo Hiver, and varies in depth fixini 2 to II ft., averagiiiK 4 ft. 
The siirfaee is covered with vegetation tind pools of water. A typical 
view is shown in h’ig. 28. The lake repre.sents the exudation of soft 
a.sphall from springs ilisiribiited til dilTereiit points over its area, aiid 
eoaslitiiles one of the largest de|K)sils of piiix' asphalt yet diseovereil. 

Its eoiisisteney vtiries in ilifTerent parts of the lake. Where it exudes 
from the s|)rings, it is (|uile soft, and disengages gas freely and copiously. 
The surface of the deposit slowly hardens on exposure to the weather, 
forniing a crust vtiryiiig from several inches to several feet in thickness, 
and sulfieiently linn to support the weight of a man. The .asphalt under¬ 
lie ith, however, is still soft and .semi-liquid, and there are mimeixnis 
breaks through the surface from which the soft asphalt oozes. At the 
edge of the lake the tisphalt is hard and brittle, due to the evaporation 
of the volatile eonstituents by the heat of the sun. (Vrtain portions 
of the lake have been converted into a cokey mass as a result of fires 
which must have swept over the lake years ago, due probably to the 
combustion of vegetation growing profusely at the etiges. 
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Cmirt«*v of Hftrber Afpbali Pcvittg Oa* 
Tig. i^.^’View uf Asphalt I^kn. 







■im-> 


.;x,,.:„. 


CouHMr BftftNff AwblUt Pavlag Co. 
Fio. 29.“Tranaporti&g Bennude* Aiphalt. 
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The asphalt is gathered by hand, dumped into small cars and run to a 
wharf some miles distant where it is loaded on steamers, as is shown in 
Fig. 29. 

According to Richardson' the dried crude Bermudez asphalt has the 
following composition: 


(Teil 1) Color in .. 

(Teat 4) Fracture . 

(Teat 6) LualtP . . • . 

(Teat 7) Hpocific gravity at 77® F.. . . 

(Teat IW) Tem|>erature at which it "flowa" 

(Teat 10) Volatile at 400® F. in V hra (dried material) 
(Teat 2ta) Holuble in carbon diaiilphida.. 

(Teat 2)h) Non*mineral matter inaoluble. 

(Teat 21c Free mineral matter. 


Black 

Concboidal 

Bright 

1 005 - 1.075 
1;J5 -188® F. 

5 81 10.05% 
00 -98% 

0 62- 6 45% 
0 50- 3 65% 


The crude Benmidez asphalt is melted to drive off the moisture and 
gas. The water which is present is derived from the heavy rains and by 
overflows from the surrounding country. It is not emulsified with the 
asphalt as is the case with the Trinidad deposit. The percentage of 
water varies from 10 to about 40 iMjr cent us a maximum. 

Refined Bermudez asphalt tests as follows:" 


(Teat 4) Fracturw . . Conchoidal 

(Ti*«t 5) l.iiAtrt'. Very bright 

(Test 0) Strcitk ... Black 

(Test 7) H|>»Tifif gravity at 77® F. . .... 1 06-1 086 

(Ti'flt On) llartliit'Mt on MobS aoaU' Ia-hh than 1 

(Test 05) Pi‘m-lrati«n at 77* F .. . 20-30 

(Tcit Of) CondwOmey at 115® F . 7 7 

(’oiiBidtcnry at 77® F .. . 32 7 

Coiidiatciiry at 32® F. 93 8 

(Teat 0(/) SuHceptibility factor. .62.5 

(Teat 106) Duclility at in® F. . 14 5 

Ductility at 77® F. 11 

Ductility at 32® F ... .0 

(Test It) Tentiilo strength at 115® F , .. 0 60 

Teiiailo atrenglh at 77® F . . . 3 45 

Tenaile atrength at 32® F 10 5 

(Teat 15a) Fuaing*point iK and S method). . . 130 -140® F. 

(Teat 15d) Teni|>erat»re at winch the asphalt “flowa". 170 -180® F. 

(Teat 16) Vutniile matter, 325® F.. 7 hra. . . ..3 0- 6 0% 

Volatile matter. 400® F.. 7 lira. » 0- 10 0% 

(Teat 19) Fiieil carbon. 12 9- 14 0% 

(Trat 30) Diatillution teat- 

B150®C. 0 89% 

150-200® C. 7 99% 

200-260® C. 16 08% 

250-300® C. 21 12% 

Above 500® C . 0 0% 

Residue. 44 92% 


^ "The Modem Aepbelt Pavement," loc. cit., p. 183. 

• Ibid., loc. cit. p. 186; Berdwell, J. Ind. Env. Chtm., 1.973. 1913; 8. 865, 1914. 
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(Tm 21a) $<olululity la rorboa tlwiilpliKie 

.ei - »7% 

<Tmt 2)6) 

Non'tniRrnil mattrr ineuluUr 

. l.S- * 0 % 

(Twt 2lf) 

Frv« luiornJ metirr 

. 15- 6.5% 

(T«t 22) 

Corbrii*^ 

. 0 0- 1,0% 

(Tett 23) 

Solubility in K8* nnphthn 

.60 -75% 

(Teat 24) 

Grama aoluhir in lOU crame »l 

thr followms eolwnU 


(roMt 



Am)l arrtatr . . 

, . 57 


AnivI 

ln»oiub)« 


Anixl nitrnt*' 

30 


Anilinr 

InMiluble 



30 


<'erln>n diaulplmlr 

In nil {importlone 


('arbon t♦■trtt«•hlontl«“ 

In nil iimpurtioM 


('kUtroform 

23 


Kth\1 niM-tati* 

24 


Kthil al<‘«*h‘U 

tiiMilubia 


• tker 

145 


NurolM-mvnt* 

24 


hIooIiuI 

Imuiluhle 


Tidtio) 

33 


TuriMMittm* 

no 

(Tf«t 2fi) 


H2 KS% 

(Tret 271 

)l\<ir<iK« II 

10 70% 


J«iilli|itir 

5 N7% 

(T.ft 

\itr.>i£<ii 

0 75‘’?, 


Tota' 

MN» 20% 

(Tret ;)■)> 

Piraffinf 

0 0% 

('list .(t) 

Stitiir.-il< liMitix-nrlMiiiN 

23 2.5' ;. 


S:i|M>mfirrtli<m \ »liw 

2H n 

(T.« >H.|* 

Fr< <■ iix|>)iii1l<>ii« ai'iitx 

3 5% 

(T. -t .LH/,1 

nnlO'lri’b'a 

2 

(T.-wt ,lv» 

AaphHlt<*ii>‘x 

3.5 3% 

(T.-st 

AxpliRltir rcainx 

14 4% 

(T.-xt JHc) 

fill) r«jnstitut'nt“ 

30 67e 


Im firm Dcjmit. This also occurs as an overflow in llic form 
of a lake, on the Island of I*e<lernalea in the delta of the Drinoco 
River, some distance east of tile Benmidez Lake. It is aliout. 
:i,2(K) ft. lonu, anil an averaRe of 21)0 ft. wide. Similar deirosits on a 
smaller scale are found on the iieiRhliorinR islands of I’wiuero and 
Del Plata. 

State of Zulia 

Maracaibo Deposit. This occurs on the Limon River located south¬ 
west of the (iulf of Maraeailio. It is also in the form of an overflow 
exudinn from a numlier of sprinRS. The asphalt is (tathered by means of 
picks and shovels and transportcil in liarROs down the Limon River to 
the Gulf, where it is loaded on lioanl steamers. It melts at a higher 
temperature than the Bermudes asphalt, and possesses a very strong and 
characteristic sulphurous odor. 
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According to Richardson' it tests as follows: 

(Te#t 4) Fracture . 

(Tftat ft) f.ustrt' 

(Tost 6) 8tr<*ak 

7) Hpenfic gravuv at 77° F 
{T*‘8t 9n) Hanlru-HH, Moh’n sruli- 
(Tf«t 9I>) Penetration at 77° F 
(Test 13) Odor on li>‘atii>g .. 

(Test Iftd) Temperutiire at whirh it flows 
(Test 16) Volatile at F , 7 hra 
Volatile at 4(M)° F , 7 hrs 
(Test 19) Fixed rarlion 
(Test 2ln) Kolutnlily in rnrliDii (liMiilphide 
(Test 2lh) Non-inineriil rnnlter insoluble 
(Test 2lr) Free iniiienil matter 
tTest 22) <’url>eiies 
(Test 23) Holiihilitv in SS® naplitha 
(Test 34) Saturated liydroearboiis 

KCHOPK 

Fhan’ck 

Department of Puy-de>Ddme. 

In the vicinity of Clennont l''orr;UKl, soopitgos' of soft fisphfilt cvudo from 
crevices in the rock, containniK P<'r <‘ei)t of asphah. 7 per cent water, and 
3 per cent mincnil suhstanecH. 'I'ho exmlations are coniparalivoly siiiall in amount, 
and the asphalt has never prove I of importance commercially. 

Alhama 

Selenitza. 

At the junction of the V'ojii(/a ari<l Saiiclii^ta Itivcrs there occurs a fairlv 
large deposit of moderaloly lianl as|)lial( m samFlotie and conglomcrale. m veins 
as wide a.s 10 ft. Marini* fossil< an* asMiciaP'tl with this fli'jioMt, mdicating it 
to Ik* of animal origin. 'I'lie .asphalt, breaks with a lamchoiil.al fracture*, showing 
a high lustre. It contains lietwci'n H ami 11 imt <‘ent of mineral matter, averaging 
about 10 per <«nt. (’omparatively largo (luaiititics have been mined. 

Gukkck 

Zante. 

An extensive deiwdt of asphalt occurs in the southern portion of the Island of 
Zante, in the form of springs and 8t*epages. 'I'hi* asphalt w very soft in consist¬ 
ency, having a s|)eeific gravity of 1.00 to 1.02 at 77 "" F., and carrying but a trace 
of mineral matter, with a fairly laigo projiortion of water in emulsion The 
springs occur in a region of clay and limestone, more or les.s saturated with petro¬ 
leum. These depasits have been worked for many gcnemtion.s (See p. 10.) 
The asphalt is refined in a crude way by the natives w’ho use it for calking the 
scams of ships, and as a mortar for cementing together the stones of buildings, 
following the same mcthoil as practiced centurie.s ago. 

'"Tlio Mmleru Asplialt rn\fmrn(," Inc. n( , pp IfM) 101. 


Conchnidal 
Very bnght 
Hlftck 
1 Oiy 1 08 
I.cM than 1 
20 30 

Charact<Ti«»ir, strongly 
siilphiirous 
200 2.*>0° F 

1 .ft -3% 

4 7- 0 0';:, 
l.'i 0- 19 O'i. 

92 - 97% 

1 4 ft l)%o 
1 ft l> 0% 

1 

1. 'i .v.% 

2. ) - 30% 
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ASIA 

SviilA 

Dcfiosita have l>oen rcporleil at Soliiimr, nlmut 30 miles south of the City of 
Beirut, also at Latakia in North ,''yna 'i’hey have never lieen worked to any 
extcDt.* 

Eastern Siberia 

SakhAlia 

Prontice of Sufouv. An lake orruis on the (*nfl (XMWt of tho Ittland of 

Sakhalin m u 8wanii>y valley, ass^xlateil \\nh a very ihick variety of ptMrolcum, 
exudini; in tho neiKhUirhooil Where the asphalt eniaimtes frtini the apritiKK, it 
is very <oft and .stieky, Init towards the efljio'i of the lake it is hard and brittle. 
I'he asphalt hius a ratluT strong lalor, and contains a substantial quantity of vul* 
atile matter, .\fter U'inK airnlried. it carries (175 |H‘r mit of moisture, 0 22 iM*r 
('ont of ash, ami tfie balance pure asi>hall containing O.sO to 0Kf) fs'r cent aulphur. 
It IS e<tiinate«l that at least -ttMMHIO tons of asphalt, averanuiK 0.0 |M*r wnt of 
mineral matter, an* pre.*s-nt, m the lake I’p to the prewnt, the de|) 0 (Ut hiia not 
U'on develo|)ed commerciall> ■ 


rillMPlMNK I-sEANDS 

Island of Leyte 

.'v'ver.d asphalt de{x>sits have bei-n found in (his region, one near the head of 
the but.ISOM Ku'i'r, aliout ti miliw from the ltarin> of (’amjKM'iHM*, on the north¬ 
western cfkast of tin' I'laml, and another near the town of Villaba.* 'I’lu'w* occur in 
limestone ami '•amblone. ami e\lcnd over an ai>*a 12 inileH long. Outerofin of 
various grades of asphalt have U'eii re|K)iled, including the solid, viwous and 
lir|Uid ty|M's Both pure .and rock asphalts arc found, the latter earrying a variable 
pniporlion of .sainl 'I'wo vaiieties of pure, luifil a.sphall were exaiitin<*d by the 
writer, one having a black color in m;iss. and a glossy, black, com'hoidul fracture; 
another liavmg a dark brown color in nutss, with a hackly, dull fracture. They 
testesi as follows: 




liiiuk ArlihilU 

Ofuu-H Arpkatt 

(T.'t 1) 

I'ntrl lire 

C'orn lioiil'il 

llnekly 

<T.-n| 

1 iHirc 


Dull 

ii) 

,S(t'‘uk on poll rl.iin 

ni.ok 

^’i llownah lirovn 

ri'i •'l Orl 

(‘(>ii*i-t<ii«y at 1 

:il 7 

Cn-aiiT than KM) 

('IV-t 10) 

Dintilnv «t 77^ F 

• 

0 

(Tcut I.'ki) 

Fti-m<;-[>oint <K aini S lll• 1 ll•r<| 

) 2m7;“ f 

138** F. 

< r« Ht 2 1 r|) 

Soliihiliu HI ' nrlxiti <li-<iil|>)ii(li- 

US'; 


21rt 

Free iiiDM rnl tnuf o r 

2' ; 

1% 

(Test 37) 

^a|Mjniliubl<* iiiaitcr 

None 

None 

'The lirown 

variety is unique. It is 

somewhat similar 

in physical properties 


to montan wax, but it is very much m«>re friable When ineltetl it turn* black in 
ma.ss, Ifccoming lustrous (although it still shows a yellowish brown streak). 'I'he 
black asphidl is not clasifWKl its un asplmltite in view of its roniparativc softnem 
at 77” F. The.se depasita have not yet 1xk.ii exploited coninierciuUy. 

•‘‘Report? from tho Consuls of tbe U H . It, 228 . 1893 

’/M. RfT anii Mtn Sev*. f. 1237!. 230. 

• C'ommoroc Report No 170. p 3.'>8. WmH , 1) C, Jut 22. 1018. also Phthpptnt Journal o/ 
.Sri'ser. lOA. p 241. lOl.i 



CHAPTER IX 

NATIVE ASPHALTS ASSOCUTED WITH MINERAL MATTER 

NORTH AMERICA 

United States 

Kfstueky 

All the deposits in the State of Kentucky are composed of sand and sandstone, 
carrying l)etwcen 4 and 12 per cent of soft asphalt filling the interstices.* 

Carter Comity. This deposit occurs one-half mile southeast of (he town of Soldier, 
and consists of unconsolidated quartz grains held together by 4 to 10 per cent of 
asphalt, which is comparatively soft and contains a goodly proportion of volatile 
matter. 

Breckinridge County. 1'his deposit is located from 2 to 4 miles south of Gar¬ 
field, and is composed of unconsolidated quartz grains carrying 4 to 8 per cent 
of a.sphalt. It forms a hillside ledge nl>out 14 ft. thick with an overburden of 10 
to 20 ft. The deposit hius not liecn worked to any great extent in recent years, 
although formerly it was of considerable interc'st in the paving industry. Other 
prospects occur in this neighborhood, but these have not been devclo|)ed. 

Grayson County. Two dejKisita have been worked in this locality, one 3 miles 
southwest, and the other 9 miles north of lioitchfield. The former occui^ in a 
stratum 5 ft. thick, impregnated with 0 per cent of asphalt, in an unconsolidated 
quartz sand. The second was formerly one of the most active mines in Kentucky, 
but has now been idle for a number of years. It consists of a stratum 10 ft. 
thick, carrying 7-12 per cent of very soft asphalt. A nuinlier of seepages are in 
evidence along the side walls of the quarry and since the asphalt contains a large 
proportion volatile matter, they soon harden on expcxiure to the weuth(T. Some 
of the seepages examined by Richardson contained 30 to G5 per cent of mineral 
matter, the extracted asphalt showing a penetration of between 35 and 45 at 
77^ F., and yielding 12 per cent of fixed carbon. 

Edmonson County. Eldridge reports one deposit of asphaltic sand¬ 
stone 2 miles northwest of Bee Spring, and another 1} miles to the south. 
At the present time the only deposit in the State of Kentucky worked 
to any extent, occurs about 10 miles west of the celebrated Mammoth 

* '‘OccurrMcea of Petroleum, Natural Oaa, and Aaphalt Rock in Western Kentucky," by 
E<lward Orton, Qcolofical Survey of Kentucky. 1891; "Tlie Asphalt and Bituminous Rock De* 
posits of tb« United States," by Oeorfe H. Eldridge, 22d Annual Report, U. 8. Gcol. Survey, 
Waab., D. C., Part I, p. 340. 1901. 
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Cave» near Brownsville.^ It consists of a stratum of fine sand impregnated 
with 8 to 10 per cent of asphalt, occurring in irregular l)ed8 5 to 20 ft. thick. 
The rock asphalt is remove<i from an open quarry and first run through 
a crusher, then through a set of rolls to disintegrate it into small grains. 
It is used largely for paving purposes ami is said to give excellent 
results. 

Warren County. Several depOKib^ of aaixl aftphull are located at Yoitnga Ferry 
on the Oreen River, 12 miles north of tlie town of Rowling (Ireen. One occurs in 
a bo<i ni)out It) ft. thick, and carrier lietwcen 6 and 0 per <'ent of asphalt. A 
second consists of a vein 5 to IT) ft. thick containing aliout the same {lercentaige 
of asph>dt. Roth are undevolo|KHi. The extracted asphalt shows a jirnetmtion at 
77* F. of 200, and much volatile matter (13 {»er cent at 400* K, in seven hours). 

J/ogan County. A quarry !i:is Ikh'h o{)ened up altout 5 miles northeast of Hua* 
aellville, exposing al>out 15 ft. of susphaltic siiiulslone in a be<l nl>out 100 ft. long. 
The rock curries almut 7 per <'ent of asphalt, which shows very much loss volatile 
matter than the pm-eding (al>out 4 per cent Ioms at 400* F. in seven hours). ThU 
mine is no longer active. 

Missouri 

hifnyrttr County. A ImsI of asphaltic sand occurs IJ miles northwest of Hig« 
ginsvilic, (‘arrymg |a'r (vnt of jispluilt, associated with sandy shale. 'I'his deposit 
has not l>cen worketl commcr<ially. 


Indiana 

While drilling for oil at Princeton, a lieil of asphalt several feet thick was 
found UK) ft. is‘lou a vein of coal .Seepages of liquid asphalt have also lieen 
reportcsl in a well m the neighlioriiood None of Uiese have lioen dcvelofXHl.* 

Oklahoxna 

This state is one of the richest asphalt-hearing centers in the United 
States. Asphalts are found in l>oth the liquid and solid forms, occurring 
as springs, seepages and rock impregnations. Practically all the dci>08it4i 
are found in the southern portion of the state, between the 35th parallel 
of north latitude, and the Red River on the south, and included lietween 
the Arkansas line on tlic cast, to the city of (Jranite, Oklahoma, on the west.' 
This area is shown in Fig. 30, and includes deposits or prospects in the 
following counties: 

Comanche, Jefferson, Stephens, Garvin, Carter, Murray, Love, 
Marshal, Johnston, Pontotoc, Atoka, McCurtain and Leflore. 


*M. H. Crump, J. ffovol Soc. ArU, H, SOS, 1911. 

*"Contributions to Rronomie 1902,'* BoUctia No. 213, U. B, Qopi. Survey, Wuh., 

P C. p. 333. 1903, 
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The deposits consist of asphaltic sands, asphaltic limestone, mixtures 
of the two, and rarely asphalt impregnated shale. The principal occur¬ 
rences are included in Table XXIII.' 

In the majority of cases the asphaltic impregnation is of liquid to 
wmi-liquid consistency, having a comparatively low fusing-point. It 
18 contended by some authorities that the vast deposits of sand asphalt 
previously constituted oil-sjinds which have been laid bare by the agencies 
of erosion, faulting, crumpling and upturning of the strata, so that the 



lighter oils ami gases have e.sc.aped into the .air, leaving the sand impreg- 
nated with the comparatively non-volatile asphaltic constituents. Most 
Of the deposits occur along pronounced fault lines, although faulting is 
not e^ential, since certain deposits have become impregnated by the upris- 
mg of asphalt-bearing iietrolcum from regions below, through the porous 
sandstone or limestone. ^ 

A characteristie feature of these deposits is the sand grains which 
are round and unconsoliilated, being held together by the asphalt filling 
the voids. When the asphalt is extracted the grains fall apart, and show 
the same general characteristics as an ordinary petroleum-bearing sand. 

Qu.liLtS'.Mlmrn™"’ '■ ’■ c-' suiv..,; 
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The extent of tiicse deixisiu has been variously estimated from 3 to 
13 million tons.‘ 

Most of the asphalt mined in Oklahoma has been used for paving 
purposes, and the author has seen many satisfactory pavements laid 
ihrouRhout the State which have excellently withstood the wear and tear 
of traffic, also exposure to the elements. It is generally necessary to modify 
tlie rock asphalts either by combining the products obtained from dif¬ 
ferent (Ie|x>sit8, or by incorporating pure sand, until a proper Imlance is 
obtained Ix^twcen tlie asphalt and the mineral constituents. In general, 
tlie Is-st results have lsx>n obtained with mixtures containing 7 to 10 
ix-r cent of asphalt in the rmishol imving com()Oai(ion. 


Numcruiis water extraction planta linve ticcn erected to wparato the uphalt 
from the aanil, liut iiioat of Ihcac have proven unmicixwsful, since the extraction 
prwcaa mtsea the priix; of the rcftmxl asphalt ao tliat it ia iinalito to coinpeto with 
|)ctrolcnm iiaphalt.'* obtained from other aotircca in the ncishlxjrhmxl. 

Tests made with sand asphalt taken from the rpunry in Carter County, Sec. 
12 and N } Sec. 13, T 3 S, It 2 W, 18 miles northwest of Anlmorc, indicatod Uie 
followinx. I'he dry sand asphalt conimmxl Vi.lt |icr cent of pure asphalt having a 
fiising-isjint (K and S, method) Is'tween tVi and fll(° K. t)n aiihjeeting it to the 
w.'iter extraetam proee-ss, the following ixwilts were nvxtnlcsl: 


liiipiin* lutphiilhc n-Hitlup 
S imrntt-tl hiiihI 
\ oliktili* ru>|>hflil 

\(«|>h:ill in orudi* fork 

T'lfal . 



l’ur» 

AN|>h»lt, 

fi.7 
1.8 
2.a 

i 1 

13 r, 


On lioilmg the eruile rock with water, impure asphalt rises to the surfaee, and 
the “sand w.astc” settles to the Isglom. Upon dehydrating the iro|Hire asphalt, 
more sand settles out, (xinstiliiling what is designaled "Impure Asphaltic Residue.’' 
The pure asphalt drawn off from this residue is termed “Asphalt Recovered." 

The “Asphalt Rewivcred" contained .I per cent of mineral matter and tested 
as follows: 


(Test Of) Consistency St 32* F . -.., ... 10,0 

Consistency st 77* F.-.... 1-5 

Consistency at 115* F.. 0.0 

(Test Oit) Susccptitality factor. 15 

(Test 15o) Fusina-point (K and 8, method) . 05-00* g. 

(Test 16) Vointilc at 500* F. in 4 hrs. 10% 


‘•■Roek Asphalts of Oklahoma and Their Use in Pavin*,-- by L. C. SnidcF, Pttrrinm, t, 
074, 1014. 
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gxaminotion 9 / R4nduf l/rom Teti 16) 


(T#rt 9c) Conriftwiey »t 52* F...72.6 

CoiMMUnoy At 77* F. 10.7 

Coatiftescy si 115* F. l.l 

(TMt 0^ fluioeptibiHty factor. 63-1 

(Tert 106) Ductility at 77* F. Over 100 

(Teit 16«) Fusing point (K. and 8. method). 115* F. 


Upon evaporating the "Asphalt Recovered" at 250-W* C., the following figures 
were recorded: 


Total Loss, Per Cent. 

Fusing-point. 

Hardness at 77* F. 

15 

120 

14.0 

20 

125 

25.0 

25 

147 

36.3 

27 

165 

51.3 


A sample of the "Asphalt Recovered" upon being blown with dry air at 300* 
C. for nine hours, lost 23 per cent in weight, showed a fusing-point of 165* F., 
and a hardness at 77* F. of 48.0. It is apparent that the extracted asphalt is 
scarcely affected by blowing, and thus differs from asphalts obtained upon dis¬ 
tilling petroleum. This is further corroborated liy the author’s observations on 
paints made from tho extracted sand asphalt, which were found to be highly resist- 
ant to atmospheric oxidation. A sample spread on cloth and expo.scd to air indoors 
for about a year, showed scarcely any diminution in tackiness. Petroleum asphalts 
of the same consistency when tested in n similar manner, dry out in a much 
shorter time. 

A mixture containing 82 per cent of the "Asphalt Recovered" fluxed with 18 
per cent of grahamite, showing the same fusing-point (165* F.), tested as follows: 


(Teat 7) Specific gravity at 77* F. 1.09 

(Teit 9e) CooBistency at 115* F. 14.7 

Consistency at 77* F. 27.1 

Consistency at 32* F. 66,4 

(Test 9rf) Susceptibility factor. 30,7 

(Teat 106) Ductility at 115* F. 4.6 

Ductility at 77* F . 10 

Ductility at 32* F. 0.0 

(Teat 11) Tensile strength at 115* F. 18 

Tanslle strength at 77* F. 6 5 

Tensile strength at 32* F. 9 5 

(Teat 15<i) Fusing-polnt (K. and S. method). 165* F. 

(Teat 16) Volatile at 500* F. in 4 bra.0.5% 


Loiiliitiu. 

Lafayeite Pariiih. A sand asphalt deposit has recently attracted attention about 
8 miles from Lafayette, covering about 50 acres on the surface.' 


Tszu. 

Monlagut County. Deposits are reported 3 to 3} miles northeast of the City 
of St. Jo, carrying between 5 and 11 per cent of asphalt, averaging in the neigh* 
boihood of 3 per cent, although the percentage variea in different localities. They 
1 MsaulMtunn Rec., Tl. 04,1917. 
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contain aandstone, or a mixture of aandsUine and limeatooe, but are of M oom* 
mercial importance. 

Bwrrut Counlii. Thia occurrence ia at Poet Mountain near the town of Burnet, 
and consiata of an aaphaltic limestone, containing about 10 per cent of aipfaalt, 
of a very soft conaiatcncy (having a |)rnclration of 20-2fi0 at 77* F.). 

I'lvUe County. The most important Texan depoaita are found in the eouUl- 
western part of thia county, alwut 18 to 25 imica west of the city of Vvalde, in 
the region of the Anacacho Mountains. They conaiat of limestone, carrying 10 
to 20 per cent of asphalt, averaging aljout 15 |H>r cent. Cryatalline ealcite is 
present, also numerous fossil remains of molluscs, indicating the asphalt to be of 
aninud origin. The dciMsits have been traced for several miles, but their exact 
extent is not accurately known. A large quantity baa been quarried, and from 
recent reports the deposit is still being operated. The impregnating asphalt ia 
quite hard, showing a conchoidal fracture and brilliant lustre. It has a moderately 
high fusing-point, and analyzes: carlion 81 per cent, hydrogen 12 per cent, sulphur 
Oj per cent, nitrogen J per cent; tolid 100 |)er cent. 

Other dciiosiu of the same general character are found in the neighliorhood. 
One 20 miles south-southwest of Ovalde ami 5 miles south of the preceding quarry 
showed 12 |)er cent of asphalt with 17 |K‘r lei'it of fixed carlion. 

Anderson, Jasper, and Cooke Cnunliis. Minor dc|Kiaits are reported in these 
counties, but are of no commercial value.' 


Utah. 

Carbon County, A deposit of asphaltic limestone occurs at the head of the 
right-hand branch of Pie Fork, a canyon northwest of the town of C'lear Creek. 
The rock is non-uniform in composition, some containing ladwecn 6 and 14 per 
rent of asphalt (having a (icnctration at 77° K. of 7 to 15), and some as high as 
75 per cent (showing a penetration of 45 at 77° K.) with warcely any fixed carbon. 

I'lah County. A large area underlaid with asphaltic limestone occurs just norkb 
of Colton, and south of Strawberry Creek, extending from Antelope Creek on the 
cast to Thistle on the west. The principal deiiosit is at the town of Asphalt. 
No analyses are available. 

Orand County. At the heail of the West Water Canyon about 20 miles north 
of the town of West Water, there is an asphaltic limestone deposit containing 
50 per cent asphalt and 50 jicr cent limestone. Investigations indicate that this 
asphalt is a progenitor of gilsonite. Ihe extracted asphalt is reported by Hich- 
ardson to test as follows: 


(Test 7) Hpccifii- xrssity st 77’ F.1.087 

(Test at) Pensirstion st 77* F . 

(Test 16) Volslilc St 217* F. 1 hr. 2.S% 

(Test 19) Filed csrlioo .. . 8.0% 

(Test 23) Solublwia 8S* nsphtbs . 88.7% 


IHnUi County. The largest de[iosil of asphaltic sandstone occurs southeast of 
Vernal, north of the White River, lielween the Ashley and Uinta Valleys, in a 
vein 3 to 16 ft. wide.’ It contains in the neighborhood of 11) per cent asphalt. 
Another deposit, or rather a aeries of deposits, occurs in Argyle Creek, a trib- 

>“A Contributios to the Chemistry at floma o( the Asphalt Rashs FouDd is Tssas,” br 
H. W. Harper: Unlvstsity ol Teiss Mtimsl Harvey No. 3, May, HO*. 

• Wixxtsswortll. rrosr. Am. /art. Mutiny Buy., IT, 118, 1888. 
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utaiy of the Minnie Maud Creek, which in turn flows into the Green River about 
20 miles south of Ouray. The material consists of an asphaltic sandstone, exploited 
under the name "Argulite,” carrying between 8 and 10 per cent of asphalt. The 
extracted asphalt tests as follows; 


(Teft fi) !.uitr<*. 

(T^t 6) Htroak . 

(Test 7) Mpcpific gravity at 77* F 

Ob) P«‘nclration at 77* F 

(Teat l.W) TempMature at which it flown 
(Teat 16) Volatile at 326* K in 7 hrs 
(Tost 19) Fuetl rarbon 
(Teat 23) .Soluble in 88* naphtha 
(Teat 26) Carbon 
(Teat 27) Hydrogen. 

(Teat 28) Hulphiir 

(Testa 29 and 30) Nitrogen and oxygen 


Bright 

Black 

0 997-1.013 
14* 

140* r. 

25 8% 

8 . 55 % 

88 % 


89 9% 
9 0% 
0 0 % 

1 1 % 


Total 

(Teat 34) Saturated hydrocarbons 


100 0 % 

25 0% 


Utah County. A sand itsphnlt deposit occurs al>out \\ miles from Thi.stlc, 
carrying 12 |)er (*cnt of a.‘iphalt. This has licen operated to but a small extent. 

Carbon County. Deposits of bituminous santi have licen reported 8 miles from 
Sunnysitle on the tributaries of Whitmore C’anyon, carrying II per cent of very 
soft asphalt. The extracted a.spliult tests as follows: 


(Teat 16) Vobitili* at .325* F . 7 hrs 6 6% 

(Teat 19) Fixeil carbon 5 0%, 

(Tost 23) Solublo III 88* naphtha . 91 8% 


Cftlifomia 

Memiocino County. Deposits of asphaltic sand are found 2 miles north of the 
town of Point Arena and J mile from the coast, carrying lictween 6 and 7 pci 
cent of asphalt. A similar deposit occurs just north of Port Gulch. 

Santa Cruz County. Large depa^its of asphalt s;md occur 4 to (> miles north¬ 
west of the city of Santa Cruz, near the suninut of Kiiipwe Ridge, a spur of tlie 
Santa Cruz Mountains, miles from the coast. A miml)er of (juarries have l>een 
opened up in this region, and the product used for constructing pavements in 
Santa Cruz and San Francisco. 'I'he rock contains IxJtweon 10 and 175 I>er cent 
of a very soft asphalt with a sulistantial profiortion of volatile matter. The veins 
vary from 2 to JIO ft. in thickne.'^s, as shown in Figs. SI and 32. 

Monterey County. Several deiwsits of a.sphultic sandstone arc scattered through¬ 
out the Salinas Valley. A prospect occurs about 10 mile.s from King City, com¬ 
posed of particles of quartz, feldspar and mica, inipregnuted with a varying per¬ 
centage of asphalt. Another deposit occurs 7 niile.s .southeast of Metz at the head 
of Chelone Creek, of tlie same general character. A large vein, a}x>ut 125 ft. 
thick and 3 milc^s long, has been reported near San Ardo, comixxsed of coarse 
quartz grains, and a little feldspar, impregnated with a small percentage of asphalt. 

5on Luis Obispo Coxinty. Sand asphalt deposits occur alxiut 80 miles south¬ 
west of the town of San Luis Obispo, consisting of a nuinlicr of actively worked 
quarries. The rock is fine grained, of even texture, consisting mostly of quartz, 
with a small quantity of feldspar. The peri^ntagc of asphalt varies from 8 to 
18 per cent, averaging ai)OUt 10. 
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Santa Barham County. Snn(ii Man.i Iti'Kion A'«ori.'it<>d with the pure luphalt 
depoeit desonb«i on page H4, cones of :us)ihalt*inipregnated aliale ha\’o Iwn reportetl 
on the western slope of the Azufre Hills, (smtaining lit) to 40 per rent of asphalt. 

Sistpioe Hegion. De))osita of .sand a-sphalt lacur in the nelghliorhood of the 
town of Si.squoe, carrying lietwcen 14 and IS jwr is'nt of asphidt. The largest 
vein occurs in Bishop’s Uuhh, alwut 100 ft, tlnck, running fairly uniform in com- 



Fta. 31.—Sand A.sphalt (piarnes in Sanla f'niz Coiinly, Val. 


position. Some time ago an altonipl «as made to nniove llie iu<|ihull by extraction 
with solvents, but the pr(ae.ss proved Iiki costly and had to lie abandoned. Similar 
deposits are found in the ncighlairhoisl of Li Brea Creek, where a vein of sand 
asphalt occurs 20 to liO ft thick; also at 1/Os Alamos Cris'k. 

(iaviota Region. A pros|icet ha-s Iksti reiaiiied in this locality consisting of a 
bed of sandstone and conglomerate alsiiit 2.'i ft. thick, containing 7 to 8 per cent 
of asphalt. 

Mores’ Iianding. This dcixwit is found on Ihe scacoast about 7 miles west of 
Santa Barbara, occumng as veins and irregular masses in ma.ssive sandstone cliffs, 
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at leMt 100 ft. thick. According to Eldridge it contains 30 to 60 per cent of 
asphalt and has n strong resemblance in structure, brilliancy, and fracture to 
gilsonite, although it is very much softer in consistency. 

La Patera Region. A vein of asphalt of historical interest only, occurs about 
10 miles west of Santa Barbara, clo.sc to the coast. It varies in width from 2 to 
12 ft., with a numlicr of lateral branches several inches thick. The asphalt is 
associated with 30 to fiO per cent of mineral matter composed of shale, sand, and 



Fra. 32.—Sand .Vsplmll (Juarrii's in .Santa Crn.! County, Cal 


clay. It is stated that 30,000 tons have lieen removed from this mine, te.stmg, 
when dried, as follows:^ 


(Tott 4) Frnoturo 
(Twt 5) Lustre. . . 

(Tett 6) Streuk 

(Tect 7) Specifio gra\ity at 77*’ F 
(Teat &a) Hardness on Moll’s scalp 
(Teat 9fc) Penetration at 77® F 
(Teat I6d) Temperature at viluch it flows 
(Teat 16) Volatile at 400® F. 7 lu-s 
(Teat 19) Fixed carbon 
(Teat 31a) Soluble in earbon disulphide . . 
(Teat 21c) Free mineral matter ... 
(Teat 23) Soluble in 88® naphtha. 

(Test 28) Sulphur. 

(Teat 34) Saturated hydrocarbons . 


Inrejcular 

Dull 

niack 

1 38 

0 

300® F. 

2 5 % 

M 9% 
Approx 50% 
About 50% 
21 6 % 

6 2 % 

8 . 1 % 


* “ The Modern Asphalt Pavement,” loc. cit, p. 201. 
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Cnrpiiitrria Hftfion. This dopusit r<)in|K>so<l of iisphaltir sand about 1$ ft, thick, 
lying along the ocean’s shore, is ilhislrateil in Kig IIS, It contains 18 to 30 per 
cent of asphalt filling the interstices of unconsolidated quart! grains. Some time 
ago a process wa-s installcil for extracting the asphidt with water, but this never 
proved successful coinnicri ially. 

Orange Counly Hituniinous sands have liecn reporteil 4 miles southwest of 
Chino, in a layer aliout li ft thick, coiituining varying iicriH’iitagi's of asphalt. 



Fill :!:t. Asphaltic Sand on I lie .■'Imre at Carpiiitcria, Cal. 


t'ANAIIA 

Alberta 

McMurrny Hegtnn. V.ast dciKcits of asphaltic sands occur on lioth banks of 
the Athaliaska liivcr, and it.s Irilnilarv. the Clear Water liivcr, covering prolmbly 
not less than T.'iO sipiarc tiiili-s' A ili.iracicri.stic view of the outcrop on the Atha- 
biLska River i.s shown in Fig. *'14 (.1 and It) 

Thc.se sands conUiin alsait Itt i»'r is nt of aK[ihalt, which is nmcnable to the 
water-extraction prisess. A siieiinien of the e,\tractcd asphalt exaiiuneil by the 
author tesUxJ as follow.*'. 


(Toft 7) SlMVifir urnxUV 77® F 
(Tent 91) PcitclraliDii :»l. 77® F 

(T«»t 9c) OmmstofTH ter b«rthif».H *• 

ConniJitonH’li'r hartlnt-nii Hf 74’’ t 

Conswtomfur hafdntjtn 32° 1 
' “ Bitumtoous Sand* of Norihorn Albvrlat l*y ^ 


1 022 
TtHJ IW»ft 

for tfH 

. 0 0 

,..00 

2 7 

FU*, i>«'pi of Mine*, OttawRi Carada, 
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(Tew 106) Ductility nt US'* F . 

Ductility at 77* F.... 

Ductility at 32* F 

(Twt Fusing-point (K and 8 method). 
(Teat 16) Volatile at 500* F in 4 lirs 
(Teat 10) Fixeil carbon 
(Test 210) Soluble in carlioii disulphide 
(Teat 21c) Frc* mineral mailer 


2.0 
7 0 
12 5 
50* F. 
17 9% 
10 55% 
07 3% 
2.7% 



(\) 



(H) 


Courtesy of S. C. Ells. 

Fiq. 34.—Asphaltic Sand on Banks of Athabaska River, Alberta, Can. 


The non-volatile matter t(\stcd as follows: 

(Test 7) Specific gra\ity at 77* F. 1 028 

(Teat 96) Penetration at 77* F. . ...... 52 

(Test 9c) Consistency at 115* F. . ,3 7 

ConsUteocy at 77® F ........85 

Consistency at 32* F . . ..... 49 .3 
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(Twt 9c0 Suwpptibiluy factor. 

(Teit 106) Ductility at 115* F . 

Ductility at 77* F ... 

Ductility at 32* F . . 

(Teat 11) Tensile strength at 11.5* F 
Tensile atrength at 77* F 
Tensile strength at 3.’* F 

(Teat 15u) FusmR-teinjMTuttjre iK ami tii«-ili.K|) 
(Teat 19) Fiie<l carbon 


3A i 
M 5 
45 0 
0 5 
0 3 
I 5 
25 5 
125* F 
12 33 *^ 


The crude asphalt, after l)einji with luldilional ptirt* siuid to retluce 

the peroentaRe of asphalt, has given sueee^-'fiil n'Mili-^ for paviiiR ptirjKM's in Kd* 
monton, Canada. 

Mkxico 


Several deposits of sand asphalt have IsaMi r('iK>rted in the neighI>orhood of 
Tampico and Vera Cruz, confainitiK S to 11 ]M‘r cent of asphalt, hut none have 
been developed commercially. 

Ci'B.y 


Province of Matanzas. .Scnii-«olid a-.-phalls have IMS'!! niinc<l for many years 
at the bottom of Cardenas Harlsir 'I'lic ino^l iin|M)r 1 aiil dc|Misit, known as the 
‘‘Constancia Mine,” occurs alioul 1'.' ft l>clo« the level of the «aler, ami is conw- 
<|iicntly mined with dilliciilli Ollier depn.ii. of ■-eMu-li.|Uiil a-pfiall eoiilaiiinm 
more or hais mineral matter, oeem at the moiiili oj ilte La Palma Itiver, alHiiil 20 
niilra from Cardenas; also near S.al.amlla d.- la P.dma. .. :10 miles east of 

t'ardenas and 4 to .5 miles wesf of Halo Nuevo Analyses arr* not availiihle. 

Province of Pinar del Rio. I)e|sis.ls of sand a.s|)fialt have Isam rvfiorlwl at 
Bahia Honda and Mariel, in Ihe iieiKhlmilimsI of Maricl Bay, also at Viielta 
Aliajo. No analyses are availalile . 

Province of Havana. An cvlensire deiKoil kmmn as Ihe “Angelo Mmirii 

Mine,” has lioeii found near Hejueal, alioul Is ... .south of Haviiiia, assoeiiifwl 

with mineral inatlor eompos,.d of ealnum ,ails,mile, sihea, and silieato, which, 
according to Itiehurdsoii,' lest.s jm follows: 


(Test I) f'f'l'ir III uuiA^ 

(Test 4) FrBctiirp 

(Tcfl .5) I.usirf 

(Test 0) Slrt'uk 

(Tent 7) Sp<‘cillc grii\ iiv ai 77" I 
(Test 9a) Hartliii'w. Moh> 

(T«rt 96) Hanlnofw. |y m n r a* 77' I 
(Te«t 15d) Temperature at »lii<)i n 
(Teat 16) Volatile at 325* F . 7 hr- Mrv Kul.-i;tii<« i 

Volatile at 400* F . 7 hr- (-Irs M.I.'ti.tK ■ > 

(Teft 19) Fin-l rarlxin 
(T«t 21o) Soluble in earbou .limilphith’ 

(Te«t 21e) Free mineral niatUf (ealenim fitrlK.nate, -te ) 
(T«ai 23) Soluble m 8H* naphtha 
(Teit 28) Sulphur 


niack 

hh-nii-cotiehnidal 

Dull 

Hrtiilinh broWD 
to brown 

1 .«» I 35 

2 
0 

240 270* F. 
AIxml 1% 
Ab.)ut 

17 4 25 0% 

70 7.5% 

21 2H% 

32 50% 

About 8 3% 


Province of Camaguey. Impiin. ..oft ami hard asphalt de,K«i(s arc found new 
Minaa, a small town between Camaguey and Nuevilas. 

■ "The Modern .y.plmli Pav. iinni.''lor rii. p. IBS. 
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SOUTH AMERICA 

Trinidad 

St Patrick County. 

One of the largest deposits of asphalt in the entire world occurs on the 
Island of Trinidad' on the north coast of South America, situated a short 
distance from the mainland of Venezuela, between the Caribbean Sea 
on Uie west and the Atlantic Ocean on the east. 

Small deposits are scattered all over the Island, but the largest one 
known as the " Trinidad Asphalt Lake,” is situated on La Brea Point, 
in the Wards of La Brea and Guapo, on the western shore. The lake 
is situated on the highest part of La Brea Point, 138 ft. above sea level. 
It covers an area nearly circular comprising 115 acres, in aelightdepression 
or shallow crater at the crest of the hill. The exact location of the lake 
is shown in Fig. 35. The lake meisurcs aljout 2000 ft. across and over 
136 ft. deep in the centre, l)ccoming shallower towards the edges. A 
panoramic view is shown in Fig. 36. 

The asphalt surface is broken up into a series of large folds with accu¬ 
mulations of rain water in the creases. A typical view is shown in Fig. 37. 
The entire mass of asphalt is in constant but slow motion from the centre 
towards the edges, probably due to the continual influx of solid material 
at the centre, accompanied by a strong evolution of gas which imparts 
a porous or honeycomlied structure. The evolution of gas through the 
water is shown in Fig. 38. Wherever a hole is dug in the surface, it slowly 
fills up and disappears. The asphsilt is softest in the centre of the deposit, 
and gradually h.ardens towards the circumference. Even in the centre, 
the consistency is such that it will tear the weight of a man, and can be 
readily broken out in large masses with picks as shown in Fig. 39. 

Shrubs and small trees grow on the surface in isolated patches known 
as “ islands,” which slowly migrate from place to place with the move¬ 
ment of the asphalt. Grassy vegetation extends along the edges of the 
lake merging into the surrounding country. 

The crude asphalt is lo.aded on small cars run by cable over the lake 
in a loop, the rails being supported by wooden ties which must be replaced 

* R«pori of the Inepector of Aephalt and Cement, Enefneerins Department. Dietrirt of Columbia. 
Waab.t D. C., 1893: “On the Nature and Origin of Aephalt,'’ puhliahed by the Barber Aephalt Pav« 
ing Co.t Long lalaad City. N. Y., Ot, 1808: "The Modern Aephalt Pavement.” by Clifford Rich* 
ardeon. 1908, p. 178 et teq.: “Trinidad and Rermudei I.ake Aephalt and Their Tee in Highway 
ConttrueUofi,” by Clifford Richardeoo (pamphlet): "The Wonderland of Trinidad." iaeued by the 
Barbw Ai^halt Paving Co. (pamphlet)- "An Eiamination of Some Bituminoue Minetale," by 
F. C. Oarrett, Soe. CAeai. Ind., 81. 314. 1912: "The Prnzimalo Compoeition and Pb>’t<icBl 
Struoture of Trinidad Aaphalt," by Clifford Richardson, Prot Am Soe ftrtxnQ A/olmtife. 
I, 509,1908; "Studiea In Aaphalt," by C. J. Prankforter, Ind. Sng. Chrm, I. 239, 1910; "The 
Rydroearbona of Uub." by Bardwcll, ct al , J. Ind. Bng. Cktm., $, 973, 1913; aleo 8 , 868, lOli, 
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from time to time as they gradually sink into the surface of the asphalt. 
The asphalt is transferred to an inclined cable way at the end of the loop 
wliich runs to the shore, and thence to a long pier where it is dumped 
on board steamers. (Fig. 40.) 

It has lieen estimated that the lake contains over 9 million tons of 
asphalt. Although vast quantities have l>cen removed in the past, the 



level of the lake has not sunk more than 8 to 10 ft. since the rate of 

influx closely approximates the quantity removed. 

The fresh material consists of an emulsion of asphalt, gas, water, 
sand and clay. According to Richardson' oil sands occurring at a depth 

«... ^ V ...I Dk»«»m«noa TtioUiMi Afpk*li. from the View of Dtoperwiitf 

I a On^iW! ^ ■ ...y^ .nd On«in o< PmoUmm ud bf 
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Fio. 36—ranoramic View ol IVinidad Lake. 
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Cottrtwy of B»fber A«ph»lt P»vUi» Co. 
Fw. 37.—Folds in the Surface of Trinidad Lake. 



Couxtay of Barfjor Asplait P»vi»f Co. 
piG. 38.—Evolutia of Gaa tom Trinidfid Lake. 
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cfUTy an asphaltic petroleum and natural gas under high pressure, which 
on coining in contact with a paste of colloidal clay and silica are converted 
into the asphalt which emerges at the surface. (See page 55.) 



Courtesy of Barber Asphalt Paving Co. 
Fio. 39.--Oathering Trinidad Ijiko A.sphalt. 



Courtcey of Barber Asphalt Paving Co. 
Fio. 40.—Transporting Trinidmi Lake Asphalt. 

The crude Trinidad lake asphalt is extremely uniform in composition, 
as is evident from analyses of samples taken from different points over 
the surface, calculated pn a water- and gas-free basis. 
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The crude material, when freshly sampled at the centre of the lake 
is composed of: 

Water and gas volatiliaed at 100* C. 

Asphalt soluble in carbon disulphide 
Asphalt absorbed by mineral matter 
Mineral matter on ignition «ith tncalcmm'phospbate 
Water of hydration in mineral matter. 

Total. 

Specimens taken from various [lortions of the lake’s surface, after 
pulverizing and drying to constant weight in air at room temperature, 
appear fairly utiifonn in composition, averaging:' 

Soluble in carbon disulphide. M 0% 

Free mineral matter . 35 

WaU’r of hydration, etc.. . 0.7% 

The so-callcil “ Water of hydration, etc." iiicludes water chemically 
combined with the clay, asphalt a<lsoibc(l by tlie clay and not remov¬ 
able by carl)on disulphide and the inorganic sidts which are vohitilized 
on ignition uiwn detennining the mineral matter. 

The emulsified water contains mineral constituents in solution to 
the extent of 82.1 grams (at 110° C.) |)cr kilo, composed largely of scxlium 
chloride. The gas is a mixture of methane, carbon dioxide, anil hydrogen 
sulphide. The mineral matter consists of extremely lincly divided silica 
and colloidal clay. 

The crude asphalt is subjected to a refining process by heating it lo 
160° 0. to drive off the water. A small amount of volatile matter is also 
removed during this treatment. The n'lined asphalt tests us follows: 

(Test 1) Color ui mass 
(Test 4) ^'^flctur^• 

(Test 5) Ltwtre 
(Test 6 ) Sireak 

(Test 7) SiKTifir griivity at 77® F 
(T»‘ 8 t 9a) llardneH-t, Moh's bchIp 
(T est 9fc) PtMieiraiion at ll.'i® F 
penetration at 77® F 
penetration at .'12® F 
(To«t 9f) Consisteney at Il.'i® F. 

('onsistenry at 77® F ... 

('oiismtetiry at .T 2 ® F . . . . 

(Test Orf) Su-'peptibility factor. 

(Test 10a) Ductility (Dow Method): 

At ll.**® F 
At 77® F. 

At 32® F 

(Test 105) Ductility (Author's Method) 

At ll.'i® F 
At 77® F 
At 32® V 


Hlack 

('oiirhoidal 

Dull 

Black 

... I 40-1 42 

. 1 -2 

. 10 -lA 

. Ifi 40 

. 0 2.'i 0 75 

. 32 7 

74 9 

Above lOO 
(ireater than 80 

. 8 0 

. 18 

. 0 1 

..15 

.. 1 (» 

.. 0.0 


29 0% 
39 0% 
0 3% 
27 2% 

4 3% 

99 8 % 
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TMt 11) 

Tanaile atrength (Author’s Method): 



At 116* F. . 

4 16 


At 77* F. . 

21 0 


At 32* F. 

27 0 

(Xait 14o) Behavior on heating: 



At 0* C. 

Brittle, crumbled rather easily 


tVorn 5 to 10® C 

Slightly brittle, not •‘crumbly" 


From 20 to 26® C 

I^esa brittle, not *'crumbly” 


From 46 to 50® C 

No apparent change 


From 65 to 70* C 

Begins to Boften 


From 102 to 108" (' 

Entirely melted 


From 120 to 126® C 

Consistency of molaasea, ap¬ 
peared stringy or fibroua 
when stirred 


From 160 to 165* C. 

Slightly mobile 


From 170 to J75® C. 

Very mobile 


From 2t)8 to 210® c; 

Flashes 


From 233 to 236® C, 

Burns 

(Teat 15<i) Funing-point rehned iispluili (K and S 



method). 

188® F. 

(Teat Ifwi) Fuaing'point, purf asplmlt (■vtructod from 



mineral matter 

I3li® F. 

(Teat IM) 

Temperature at which it Hows 

190® F 

(Teat 10) 

Volatile at 326* F . in 7 hrs 

I 1-1 7% 


Volatile at 4(K)° F , in 7 lira 

4 0 6 26 

(Teat 19) 

Filed carbon 

10 8-12 0% 

(Teat 20) 

Dialillation teat; 

0-160® C 14 93'o 

150-200*0 10 42'^, 

200-260® C 2 2(V’c 

Coke and aah 72 30% 

Total_ ion 

(Teat 31) 

Soluble in earbon dinilphide 

60-57% 


Asphalt retained by mineral mutter 

Mineral matter on ignition with trienlcinni- 

0 3% 


phosphate 

38 6'':, 


Water of hydration (I'lav iiiul •nhenies) , 

4 2';, 

(TmI 22). 

('arbenc‘s . , 

0 0 1 3% 

(Teat 2H) 

Holiible In .HK® iiaphtliii (pure asphalt) 

02 04% 

(Teat 24) 

drama crude dry nmtenal solubli> m ItMl 
grams eoUl aohenr 



Amyl acetate 

132 


Amyl alrohot, . . 

Insoluble 


Amyl nitrate . . 

84 


Aniline . . 

3 


Beniol 

48 


Carbon disulphide 

In nil proportion! 


Carbon lotraehlonde 

In nil proportions 


Chloroform 

10 


Ethyl aeetale. , 

30 


Ethyl alcohol. 

Insoluble 


Ethyl ether 

109 


Nitrobenaenc. ... 

39 


Propyl alcohol . 

Insoluble 


Toluol. 

39 


Turpentine .. ... 

Solubility of pure asphalt upon eatraotion 
cold by: 

116 


Acetone. 

21 7% 


Beniol. 

99 9% 


Chloroform. 

93 4% 


Ethyl ether. 

68.9% 
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(Test 26) Carbon . 80-62*^ • 

(Tent 27) Hyarojcn. 10 - 11 % 

(T«t 28) Sulphur. 6 - 8 % 

(Tm 29) Nitrod^n. .0 5-0 8 % 

(Teat 33) Paraffine . .0 0% 

(Teat 34) Saturated hydroearbona. . . 24 4 % 

(Test 37d) Saponification value 40 o 

(Teat 38o) Free asphaltoui a«‘i 4 ls 0 4% 

(Ttat 385) Aaphaltoua acul arihyilridea 3 9 % 

(Teat 38c) Aaphaitenea 37 

(Teat 38d) Asphaltic resins 23 0% * 

(Teat 3Se) Oily constituents. . . 3 ) 0 % 


So-called Trinidad “ land asphalt ” represents material which over¬ 
flows from the lake at its edges, where it has Iteen exi)osc<l to the action 
of the weather for centuries. It is derived from the siime source as the 
lake asphalt, and has the same general physical and chemical character¬ 
istics. It is known under various names; .or example: “ choem? pitch ” 
is a variety which lesemhles the lake asphalt most closely with respect 
to its containing gas cavities; " iron pitch ” is a variety which has 
hardened on expo.surc to the weather to such a degree that it n'semhles 
refined lake asphalt; " cokey pitch ” is a variety which has lieen coke<l 
or carbonized by hrus;h fires, etc. 

The land asphalt varies in its composition from plaec to place, hut dilTeit 
from the lake asphalt in the following rcsiiects: 

(1) It contains lcs.s gas and water than the lake asphalt 

(2) It contains a slightly higher percentage of mineral matter (from 1 to 2 
|)er cent). 

(3) More of the volatile ingredients have l)cen cva|)orat«d. 

These influence the tests as follows: 

The specific gravity is somewhat higher (up to 1.45). 

'I'hc hardness is greater. 

The fusing- and flowing-point- arc higher {fictwccn 30 and 40® F.). 

The volatile matter is less (alioiit 1 [vr ci-nt). 

The percentage of fixed carlion is slightly iiiglier (alioiit 2 per eent). 

The following table shows the quantity of asphalt produced during tho yean 
1912-1916, in long tons: 

T.CHI.I. .xxtv 


Year. 

To Vmteu Stated 

Tt> Li KOFf 

To^tTHKH (’Ol NTKiait 

(Irand 










total. 


Lake 

Land 

Total 

Lake 

Laoil 

T.iial 

Lake 

Lanil 

Total 


1912.. 

95.111 

8 000 

103.71) 

85,200 


85,200 

486 


480 

180.406 

1913. . .. 

123,873 

1,400 

125.27.3 

104,153 


104.15:1 

005 


605 

230.031 

1914 .... 

67,357 

2,950 

70,:i07 

75,207 


75.207 




145004 

1915 . 

n 8 ,(X)l 

1,250 

110.251 

18,025 


18,025 




136.026 


117,719 


117,710 

13,380 


I3.:i80 




131,009 

1917 

110,149 


110,149 

11,406 


11,406 


. . 

. 

130.645 
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Argentine 

ProTlnce of Jujvjr. An Mphalt lake, known aa the "Lafpina de la Brea,” 
occure some distance northeast of the City of Jujuy. The asphalt is sulphurous, 
of a semi-liquid consistency which hardens at the edges. It is mixed with more or 
leas earthy constituents. Seepages of mineral oil are also found locally. 

Province of Chubut. Deposits of soft, impure iisphalt are reported in the vil¬ 
lage of Comodoro Kivadavia, associated with seepages of asphaltic petroleum. 
The asphalt has not been developed, and no analyses are available. 

EUROPE 


France 

Department of Landes. Near Bastenne, a moderately large-sized deposit of 
asphaltic sjind is found, lewociateil with fossil shells, indicating that this asphalt 
is of animal (marine) origin. 'I’heso shells are distributisl throughout the asphalt 
Iasi, which measim's lietween It) and 14 ft. thick. On exposure to the air, the 
shells fall to pieces in a fine powder and the asphalt hardens luateri.-dly, due to 
the loss of volatile matter. An analysis by L. .Main shows the material to contain: 
(usphalt H8.4.') |)er cent, calcium carlionate l.tkl |«t isuit, and .sand .All .'id per cent. 

Department of Card, Very large dcisisits of rock a.s{)halt occur in this Depart¬ 
ment, embracing in the north the Concessions of .St .Icaiwle-.Maruejois, and in 
the south inclii.lmg the Conce.ssions of .Sr'rvas, Canvas, Sumades and Piiecli. The.se 
have long been known and worked for many years. I)e|axsil.s of lignite and dial 
occur ill the .same rngioii. The asphalt is associated with limestone, sandstone and 
shale, and varies in iierisuitagc laUwcen j .in,I Iti per cent An average analysis 
shows it to contain: asphalt It) to 12 |K'r cent, clay l).,5 to OS [ler cent, calcium 
carlionate SI Sti per cent, niagncsiiini carbonate a'loiil 2 |K'r cent, and moisture 
0.5 iior c<*nt. 

Depftrtment Hautc-Savoie. DciMisits of itNplialt nssociatod witli ]iiiios(oiic iiiid 
sandstone occur at iMiissieges, l''rangy, Ixivagny, liourbonne, and Chavaroche, in 
strata between I.') and Iti ft. thick. An analysis of the rock asphalt niinisl at 
Chavaroche shows it to contain: asphalt 20 2 [icr cent, cah-iuni carlKinate 61.6 
per cent, and sand 10.2 |H’r cent. Tliis is used tor paving piiriaxses. 

Department of Ain. At Bellogardo in the nortliern part of the Depart¬ 
ment oeeurs a deposit of asplialtii' lime.stone unevenly inipregnated with 
asplialt, tuid also lusaoeiatt'd in part with heavy petrolenin oils. 

The well-known Seyasel deposil.s also occur in this Department at 
Pyrimont, Volant and ('hallonges, consisting of a fine-grained limestone 
impregntitetl with asphalt. This region is shown in Fig. 41. The de|)osits 
consist of a scries of hillside quarries along the Rhone River. The 
asphaltic impregnation varies from 2 to 8 per cent as a maximum, the 
balance consisting almost exclusively of calcium carlionate. Foasil 
shells are frequently encountered, also crystalline caleite. The deposits 
at Pyrimont are now largely exhausted, after having lieen worked for 
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many years. The Volant deposits are still l)cing worked actively. 
According to L. Malo the asphalt extracted from the Sej-ssol deposits 


tests as follows: 

Water .... .'■. . 19-00% 

Aeiphalt (FiisiiiR-point, 87* F., K. aod S. method). ... 8008 15% 

Mtieiiositiiii carbonate. . 0 10*'|> 

CaltTum carbonate . . 80 55 91 30% 

Inwoluhic in ucid . 0 10- 0 45% 

Loaa, etc . 0.25% 



SWITZUBLANO 

Extensive deposits of asphalt impregnated limestone occur west 
of Ncuchatel Lake, in the 8<>called Val de Travers region. These 
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have been exploited for many years and marketed under the names 
"Neuchatel Asphalt” and “ Val de Travers Asphalt.” The exact 
location of the region is shown in Fig. 42. The percentage of asphalt 
varies considerably; thus, the “ ordinary ” grade contains alx)ut 10.7 
per cent of asphalt, the so-called “ rich ” grade contains 15.3 per cent of 
asphalt, the “extra ” grade 17.5 per cent and the “ powder ” 9.6 per cent. 

The average product contains: asph.alt 10.15 per cent (fusing-point 
50° F., K. and S. method), caleium carlionate 88.4 per cent, iron and alumi- 
ninium oxides 0.25 per cent, magnesium cartxniate 0.3 per cent, matter 
insoluble in acid 0.45 per cent, and lass 0.45 per cent. The theory has 



Fru. 42.—.Map of NiMicliatel (Val-Ue-Traverx) .\spliall Itcgioa, Switzerland. 


been advanced that these asphalts have Iwen produced by the decom¬ 
position of marine animal and vegetable matters, which is borne out 
by the associated fossils. 

Smaller deposits occur at Auvcmicr, Bevaix, and St. Aulan, south of Neuchatel, 
on the western shore of laiko Neuchatel, containing smaller percentages of asphalt 
than the preceding. 


Alsace-Lorraine 

The deposits in this region occur in a well-<lefine<l area in the neighborhood 
of Lobsann a short distance north of Strassburg, as sliown in Fig. 43. The 
asphalt strata have been traced 6 to 7 miles extending through Suls u. Wald, 
Peehelbronn and Lampertsloch. They oceur as asphalt-impregnated limestone and 
sandstone sssociated with lignite. Petroleum is also found locally. The asphal- 
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strata average about SO ft. in thickness and carry many fossils. The region it 
badly faulted. The bituminous limestone has the following average com|XMition: 


Aspbult (Fuiing'point 77** F., K. am! 8 method). II ti -12 39% 

Calcium carbonate . .09 0 -71 43% 

Iron and aluminium oxides . . 43-5 9% 

Sulphur. .50-50% 

Migoestum carbonate . . 0 3% 

Silica . . 3 I,V 3 65% 

Lou. etc ..,17-3 4% 



Fio. i:! —Map of Ixil>.aiin Asphalt Region, Alsai'e-Isirraine. 


The aaphiillie sandstone at Pechelbronn oecnrs in veins 3 to 0 ft. thirk, eon- 
taining a soft, viscous asphalt which, when cxtractcsl shows a gravity lictwccn 
ti.OO and 0.07 at 77° K. Large (luantitics of asphalt have lieen mined in this 
region for paving purjioecs. 


Germany 

Province of Hanover. At Liiamcr, a small village near Ahlcm in the 
plains of Acker, aliout 18 miles west of Hanover there occurs a deposit 
of asphaltic limestone measuring KHIO by 22.50 ft. which has Itecn worked 
for several hundred years. The vein has the general cross-section shown 
in Fig. 44, and is worked by open ijtiarrying.' The rock carries lietween 
8 and 20 per cent of asphalt and contains numerous fossil shells. As 
freshly mined it has a brownish to gray-brown ttolor, and the asphalt 

■ Where a r.p«»mU .nuviuni; », Mph.lt-ln.pr.«nmted llm-tone; r, rUy: S, Mph.lWn.pr.i- 
Bated iimeatone: e, •hale; aod /, Umeatone. 
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impregnation is very soft in consistency containing a large proportion of 
volatile constituents. The average analysis shows: 


Asphalt (FiiHiriK'point <51** F., K and S method).13 4-14 3% 

Calcium carbonate . 67% 

Iron and aluinmiuin oxides, etr . ■ • 17.5-19.5% 

1 ^. . 0 .». 1.18% 


At Waltprshcrge, near Liminer, n very larf?c deposit of asphaltic limestone is 
found, containinfc 5 to 7 per cent of asphalt. It is estimated that al)out 3,000,000 
tons occur in this defKwit, but the material is so i)oor in asphalt that it must be 
enriched by mixing with Limmer or Trinidad asphalt. 



Fki. 44.—Cros.s-,S<'(‘tion of LirimwT Asphalt Deposit, Germany. 


At Hol/eu, a small village oi» the Uivor Itlj, a sixtrt uistaucc north of Vorwohle, 
occurs a well known, and one of the most productive asphalt do|)osits in Germany. 
The aaf)haU stratum has been traced for approximately 14,500 ft. a.id forms a 
succession of layers (15 ft. thick carrying a varialde fwreentage of a.s|)halt asso- 
ciiite<i with limestone, and w'parated with clay and shale. 'I'lie rock u.s])halt analyses 
as follows: 


Adphih (Fii.ti'tiR-point 65-70* F, K and S niPtbod) 
CaUium rnrbonnh’ 

Iron and uiiitniniuni oxidi'a 

8 ilicn ... 

Lnar ... 


.'■.4-8 .5% 
W) 0 - 90 9% 

4 (I - .'■> 0% 

‘2 .5,5 • 4 77% 
0 1.5- 2 11% 


A small deposit ha.s l>ecn rcjiortod at VVintjolforg in this same niMgltliorhood, 
but has not Ix'cn worked to any extent. 

Province of Westphalia. Minor de{>osiU have lieen found near the villages of 
Darfetd, Buldern. Hangenau, rtnd Ap|)elhulsen, juwociated with clay and shale. 

I^ovince of Hessen. At Mcttenheim lietween Worms and Api>onhcim, occurs 
a deposit of asphaltic limestone ami clay carrying a large quantity of fossil fish 
remains. The rock contains between 74.4 and 82.6 per cent of asphalt of a com¬ 
paratively high fusing-point. 


Austria 

Province of Dalmatia 

Vrgorac. A deposit of asphaltic limestone occurs at Vrgorac, having a specific 
gravity at 77^ F. of 1.697 containing an average of 20 per cent of asphalt. Analyses 
•how the following ingredients: 



NATIVE ASPHALTS ASSOCIATED WITH .MlNEItAL MATIKH 121 


Avphalt. 

Sihc* . 

Iroo Bod alumiaium oxides . 
Iron carbonate. 

Calcium carbonate 
Magnesium carbonate. 

Sodium chloride. 

Water . 

Total 


The first Analysi.s represenl.^ an aspimllic llnle^(<)lu' contamrng silira. the M'cond 
analysis reprosonts an asphaltic shale, and the thml an .isphallic hine-'tonc (pure). 
Considerable asphalt has Wn derived from this ileixisit for paviiiR pHr|H>M-s. 

Asphaltic shales have liecn reported near the town of .'(kiip, on the Island 
of Brazza, situated near the coast of Austria, in the Adriatic .'v'a, conlaininit lictween 
1,5 and 40 per cent of very soft asphalt The layers arc liciwein 2 and 4 ft in 
thickness. There also occurs a dejiosit of nsplmltic limestone containing iiliout I.'l 
per cent of asphalt and 87 [icr cent of calcium carlionntc, having a brownish-bliick 
color and containing a substantial proportion of volatile niiittcr 

At Morowitza near Selienico, on the Adriatic .Sea, mciirs a dcimsit of asphal'ic 
limestone carrying 10 to 1,5 per cent of asphalt, «fj |icr cent of lalcium carlionnte, 
and about 4 jicr cent of mugnesiiim carbonate 

At Porto Mandorlo, near the town of Trim on the Adriatic Sea, occur licds of 
crystalline limestone of a brownish color (Sintaining 9 2 [wr laait of nsphidt and 
00 8 tier cent of calcium carlionatc. I'urthcr dc|) 0 .^its have Iwn liMatcd m this 
region at liiskiipija and Vinjisce . „ 

Province of Tyrol. A very iMsuhar as|ihaltic shale (scurs at .Scefeld, It. 
above the sea-level, in IkhIs sevend feel thick with mimcroiis fossil lisli remains, 
in lietwecn layers of dolomite. This dciiosil coiisliliiles one of the main sourcea 
of supply of iclitliyol, which is recovcrwl iiiam subjei img the material to a prrKi^ 
of destructive distillation in suitable retorts The material Ixist suited for this 
purpose Is coni|K).sc(I of the following' 

AflphAlt 

C.\l<'iutn nfi'l n)HL’i.« t>iiim .•iirbunRt*'*' 
ruy 

Sihrft 
Iron onidf* 

Lobh and momiun- 


70 41'7. 

« 1.7';, 
iM';. 

r, OA'';. 
.1 72 % 


.\nal\vMl. j 

-ViinlkKH 2, 

AiiHl>infi 3, 

I’« f Ct-m 1 

1 Pit ('ml 

Tit CVnI 

... _ . 

-- 


2 04 

7 12 

38 02 

21 70 



7 12 

&N 10 


3<i (>0 

1 10 

;i 2 .'is 1 

01 08 

4 10 

0 07 1 


100 00 

'.to S7 

too 00 


Total . 


I0<» 00% 


Province of Bihtr 

Deposits of asphaltie sand occur at Tataros containing approxunalely 1., per 
cent of soft, sticky as|>halt with a characteristic ,*.nelral,ng mlor It is found in 
strata between 6 and 25 ft. thick, 5000 ft. long and 4000 ft. wide. lairge qiian- 
titira of asphalt have been mineil from this dciiosit, which constitute one of the 
largest so^s of supply in Austna. Analysis shows lietwwn 15 and 22 per cent 
^It fusing at 83“ F. (K. and S. method). The water-extraction procea. ha* 
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been used to separate a semi-liquid asphalt from the sand, leaving a residue con¬ 
taining 3 per cent of asphalt which could not be separated. The pure, soft asphalt 
thus separated is distilled to recover the heavy oils and then converted into mastic 
by mixing with limestone. 

An asphaltic sand deposit associated with lignite is found a few miles northwest 
of Bodonoa containing between 11 and 15 per rent of asphalt. 

A short distance east of Felso Derna there occurs a lied of sand asphalt, very 
similar in character and composition to that found at Tataros, carrying 15 to 
22 per cent of asphalt. The extracted asphalt contoins 0.73 per cent of sulphur, 
5.4 per cent of ash, and 1.6 per cent of crystallizable paraffine.* 

Province of Henegovint 

A deposit of asphaltic limestone occurs at the village of Popovo Polje, having 
a black to grayish-black color, and carrying l)etween 16 to 20 per cent of asphalt. 
It contains a large pen«ntago of volatile matter, which causes the crude material 
to ignite very readily and liurn with a luminous flame. 

A little south of the village of Mifiljan, and east of the town of Popovo Polje, 
occurs another and larger dc[)asit of asphaltic limestone 6 to 20 ft. thick. The 
asphaltic impregnation is sticky and semi-liquid, varying Iwtween 3 and 35 per 
cent. The richer varieties ignite readily and burn with a luminous, smoky flame. 

A deposit of asphaltic limestone about 100 ft. wide and 10 ft. thick oiicurs 
at Draievo, about 21 miles cast of the city of Metkovic. 'I'he rock is of a 
brownish black to dull black color, carrying 5.4 per cent of asphalt. It is not rich 
enough to be worked profitably. 

.Italy 

Compartment of Marches 

Province isf Pemrn ed Vrbino. Impure, solid asphalt is found at Sant’ Agata 
Feltria associated with sulphur, but i.s not mined actively. At Tallamello and 
Urbino, deposits of solid and semi-liquid asphalt occur associated with more or 
less sulphur. These are merely of interest from a geological standpoint. 

Compartment of Abnizzl ed Molise 

Province of Abruzzo Citmore Minor occurrences have been reported at Tocco 
di Casaufi, Valle San I^eonardo, Sant’ Knsemia a Majella, Ceramanico, Salle, Cir- 
condaho di Lanziano and Pulcna. In the neighl)orhood of San Valentino, extensive 
deposits of luphaltic limestone have lioen worked in strata 21 to 3 miles long and 
about 100 ft. thick. (Quarries have licen opened up in the Valley of the Pescara 
River at the villages of Roccamorice, Abateggio, Manopello, I^ettomanopello, 
Tocco, and Papoli. Three distinct zones are distinguished. 'I'he lower carries 
between 0 and 10 per cent of asphalt, the middle an average of 27 per cent, and 
the upper 9 to 30 per cent. In certain localities the asphalt has a rubbery con¬ 
sistency, and is deep black in color, and in others it is very soft and semi-Uquid. 
The deposits ore rich in fossil shells. Analyses show the following composition: 

Aiphslt. . 10 62- 5 70% 

SiUoft. . 0 06- 0 48% 

Calcium carbonate ... . .... .49 70-86 40% 

MacoMium carbonate ... .1 20-32 0% 

Iron and aluminium oiidea. . 0 16-1.18% 

Moiituw. . 0.22- 0.98% 

>J. Marcuacon, Chem. Rtr. FtU'NarX’InA, 19. 171, 1912. 
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Compartment of Calabria 

Province of BasHieata (Potenia). Asphaltic limestone deposits have been reported 
at Tamutola, Mapano, Setere and Leviano. 


Compartment of Campania 

Province Terra dt Lavoro (Coscria). One of the larnest asphalt quarries in the 
entire region, which, however, has not been very active in recent years, occurs at 
Colie San Magno. Analyses of the product as mined show it to be coro|)oeed of 
the following: 


Asphalt. .. . 

Calcium carbonate 
Calcium sulphate 
Iron and ^uminium oiides 
Magnesium carbonate 
Silica. . • • 


7 16% 
73 76% 
I 72% 
3 03 % 
14 34% 
0 10 % 


Similar deposits of asphaltic limestone occur at Liri, Frosinone, Monte San 
Giovanni, Banco, Castro dei Volsci and Fillettino. 


Compartment of Sicily. 

Province of Syracuse. The largest and most important Italian asphalt 
deposit occurs at Ragusa, al)OUt 13 miles from the southern coast of 
Sicily, on the River Irminio, in a bed 16 to 64 ft. thick, and 1600 to 2000 
ft. long. It contains variable percentages of asphalt, ranging from 2 
to 30 per cent, associated with a soft lin.estone composed largely of ft^il 
shell remains. Two varieties of rock asphalt arc mined—a brown variety 
relatively poor in asphalt, containing between 3 and 7 jier cent, aiid a 
black variety carrying an average of 1.6 ikt cent. It has l.^n workeil for 
many yearn, and over 100,000 tons are mined annually for use on the 
continent of EuroiH^, lieing marketed in the fonn of a powder eH|.«aally 
suitalde for compressed asphalt pavements. The matenal as iiuned 
requires no further treatment other than grinding. Analyses show the 
following compositions: 

AnphAlt 

Calcium carbonatf 
Iron and aluminium 


Magiimuni rarbonatr 
Silica 

Moiaturc and loss 


g g(l 14 06% 
82 l6-8« 21% 
0 91- 1.00% 
0 9fl% 

0 60 0 7»% 
0 40 1 17% 


Moisture nnu luw # i • 

Tw.. 

I'k v™. « --.I»» 

upon exposure to the weather, turning to a bluish gray. 


nREECE 


Dtetrict Of Tnphay Pclopoones, there occurs a deporit of 

At Marathonpolis on the ,,„™ration of asphalt mastic pavements, 

asphaltic limestone well suited for Uie preparauoii 

analysing as follows: 
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Aiphftlt. 

flilic*. . 

Iron and aluminiiim oxi(k-ii. . 
Calcium aulphatc 
Maancfliuni curboriatc 
Calcium carbonate 
Moisture and Iums 


14.75% 
1.07% 
0.80% 
0 21% 
0 45% 
82 27% 
0 45% 


/ Total 


100 00 % 


The aaphalt is re|X)rte(J to have a comparatively high fusing-point. 


POHTl-'GAL 

Provioee of Estremadura. At Sorra clc ('aha^oa deposits of asphaltic sandstone 
have been rei>ortod, and at Motjte Ileal, north of Ixa'ra, layers of asphaltic sand¬ 
stone iinpregmited with a very soft and vi-seous u.splialt exist. None of these have been 
worked to any great extent. 

Spain 

Province of Santander. In the neighlwrhood of Puerto del Kseudo, deposits 
of asphaltic sandstone arc found in beds about H ft. thick. No analyses are avail¬ 
able. At Suance.s similar deiKwits of asphaltic sandstone have l>oen rejKirted con¬ 
taining approximately II pi'r cent of asfihalt. 

Province of Alava. At Alauri and otiior localities in the Pynmce.s, n.sphaltio 
sandstone deixjsits containing 12 to 20 p<T cent of asplialt have been worked 
for a numlior of years, A mine al>out 10 miles from Vitforia consists of a cal¬ 
careous sandstone impregnated with 8 to 0 i>cr cent of asphalt. It sliow.s the 
following average compasition: 


Asehidt 8 80% 

Silini fiS 7r,f/c 

Iron aiiil uliiiiiltiiiliu oxnlri. 4 

Cnlt'ium nnd iiiukih'hiuiii <'iirhi>iiat«"*. 17 25% 

Water Biul loM.i 0 40% 


Province of Navarre. Similar dcfwsils have lK*en rc|)ortcd at Bocaicou, which 
have ls*en worked to a limited extent. 

Province of Tarragona. In the Santa (atalina mountains outcrops of asphaltic 
shale arc reported. No data eoncerning these are available. 

Province of Soria. .\t Santander and Sierra de Frentes several deposits of 
asphaltic sandstone have l)ccn oiioratod, from which fairly large quantities have 
been mined. 


Russia 

Province of Terek 

At Vludikavka* near the city of Gudermes an asphalt deposit has been known 
to exist for some time, containing betweer 6 and 12 per cent of a very soft asphalt 
associated with earthy matter. 

At Miehaeiovskaja in the Caucasus Mountain-s, a rich deposit is found, con¬ 
taining $0i per cent of asphalt and the balance mineral matter. The extracted 
asphalt melts at aliout 300° C., and is e-xtremely hard and brittle, having a specific 
gravity erf about 1.2. The portion soluble in carbon disulphide contains: carbon 
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75.42 per cent, hydrogen 7.86 per cent, nitrogen 0.06 jrer cent, sulphur 08 irer cent 
and ash 4.35 per cent.* ' 

Near Semowodak in this same region, a similar deposit of asphalt is found 
associated with clay, which analyzes similarly to the preceding. 

Province of Simbirsk 

E.\tensive deimsits of asphalt arc found at Syzran, along the hanks of the 
Syzrunka River, extending to the Saniarskaya-Luka Mountains. The |iroduct as 
mined has the following compasitioni 


an .anc;, 

Ciilcimii'cartMuiiilr -j.e; 

Magnesiiini rjirlsmute .1 z7'; 

Tolal . 1110 ise 


In this same region near the River \olga then’ i.» an oeeiirnnie of lic|iiid afplialt 
containing about 20 per leni aspliah a.ssoeiateil mill sand, eovering an area IMtl 
by 320 ft. in a layer ahoul .i2 ft. deep. 


.ASIA 

J.\P.tN 

Ugo Province. .\ii asphalt deposit has hern reported near ,\kita, hut no exaet 
data are available.r 


A.siA'ric Hlssia 

Province of Uralsk. At the nioulh of the I'ral River, where it eniiilies into 
the Casiiian Sea, deposits of asjilialt have Is'cn found, hut no coinjiletr* ilnta or 
analyses are reported. 

SviilA 


At Mrani, deposits of aspliallie liine'lone have Iieen refiorled eontaiiiing lielwcen 
10 and 30 |K*r cent of asiihalt 

A large de|)Osit is located at liir-el-llnininar a short distance from llashaya 
(see p 13.')) eoinposed of Imieslone iin|iregnat<sl with an average of Itt per cent 
of asphalt Peinlied fish remains an' also present, iiidicaling that it is of animal 
origin. It is said to have a com|iarativel,v high fiismg-iHiiiit. .Similar de|HisilH 
have Iieen reported at Khaliwet, la-twiTn Ilashaja and Riifuheya, also at Ain- 
Fittineh, 70 miles east of Ileiriit.* 

Deposits of asphaltic limestone are n |K)rled on the eastern shore of the Dead 
Sea between Kerak and Otiadi Kerak, al«o on the western shon- near Masada and 
Ouadi Sebhi. A short disbince from this lixality, on Hie Oiiiidi River, peculiar 
formations occur, eomposeil of flint pebbles ceinenteil tr^ether with varying per¬ 
centages of asphalt. This asphaltic conglomcriile lies in juxtaposition to a vem 
of asphaltic limestone 


I "New Depoeite of Aeplisltun.," K <■|l•til»chllow. rz.m . It. Hep till, I1H)7. 

1 Rychei Kslsysina. Ut'lriili Afie-ratoyi' roa yop.it.. S, .Utl, Klt.'i, < *tsi , I«. ISJl, I9t#. 
.•■A.ph.1. .MiL m Syria." Bcstrl. t.om th- ro„.„l. of Its- f. H, 4i. |1.M), 22S. IWIJ. 
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Asphaltic limestone U also found at Nebi Mouse, on the northwest shore of 
the Dead Sea, containinK 25 per cent of asphalt, also a quantity of fossil marine 
remains. It is used by the natives as a fuel and for paving purposes. Similar 
deposits have been reported at Tiberias, Hamman and Jarmuktale. 

Mesopotamia 

At Hit on the Euphrates River, asphaltic limestone is still found, and collected 
in a crude way by the natives, exactly as was the case many centuries before. 
(See page 5.) 


Arabia 


In 1902 an extensive deposit was discovcnvl on the Island of Bahrein, in the 
Persian Gulf, which on analysis was found to consist of: 


AapboU 

Aah 

Moiatufp. . 


22 77% 
76 68% 
0 59 % 


ToUl. .. . 100 04% 

The ash consists almost exclusively of calcium-ahiiniiiiuin<si]icute. The product 
is mixed with limestone ])owdcr and used for paving pui 7 x>ses. 


AFRICA 

Algeria 

Prorlncs of Oran. At Constantine, asphaltic limestone is found in veins 32 ft. 
thick, containing ns much as 40 per cent of asph.ilt. In many places the rock 
is so saturated that the asphalt seeps o)it and forms pools having a fusing-poiut 
of altout 140° F. (K. and S. method), a penetration of 11 at 77° F,, and con¬ 
taining 0.9 |)er cent of sulphur The limc.'tone i,s largely crystidlinc. 

Nigeria 

Bituminous sands arc reported in southern Nigeria a short disLance from the 
coast. Attempts have been made to purify the a-sphalt by the water-extraction 
process, but so far this has resulted in failure. The extracted material contains 
about 70 per cent of asphalt, 10 per cent of organic sulistances other than asphalt 
and 20 per cent of sand. 

Rhodesia 

Hock asphalt has recently been reported in northern Rhodesia, but is not yet 
thoroughly investigated. 



CHAn'KR X 


ASPHALTITES 

Asphaltitbs are natural aaplialt-liko milislancc's, clmnioloriM>d by 
their high fusing-pointa (over 250°'F.). 'I'hey are grou|)e<l into tliree 
classes, namely: gilsonite, g'anoe pitch, and grahiuiiite. Since ail are 
presumably derived from the metamorphasis of |)etroleuin, one would 
naturally expect the classes to meigc into one another, and such actually 
proves to be the case. 

The author has iuioptcd the following n'cans of differentiating the 
three classes, ore from ai other: 



1 

1 

Streak. 

Sp<>fif5c (travil v , 
al 77* V 

tK AS McttKKj) 

1 n.K 1 

Fiicii Catlxm 
IN-r (Vtu 

Ciiluonitf or I'lntaitc 

Rroa » 

1 iri 1 10 

v.'io h:>o 

10 VO 

Glance or Manjak * 

iUark 

1 111 1 ir. 

V.'iO .I'lO 

VO .<0 

Grahamitc* 

1 

lllitrk 

1 1.', 1 VO 1 

.{.'•o IHKI 

:io .'>.5 


* fric- front miiu-ral 


In all three chisfa-s the non-mineral constituents are almost, completely 
soluble in carbon disulphide. The phy.sical and chemical characteristit* 
will Ite descriljed in gre^iter detail under the rcsjtcctive hewlings. 

GILSONITE OR FINTAITE 

This a.sphaltite is fotind in but one region,' extending from the 
ea.stcm portion of the State of Itah across the lioundary line into 
the western portion of Golorado. It occurs in a numl)cr of parallel 
vertical veins, varying in width from thin fissures to several feet. 

'••Oitaoniw or UinUito." J. M Ixx-kr, Pronr Am InM Minint trv, It. IM. 1M7; 
•' Not» on > Spociroen of CiUonilo (rotn I'lnu Cooi.ly. Ulnh." n. W Hnymoml. Tronr. 
Am. hit. Jtfiniiw *n« . IT. U3. 1888; ■'Nature o( I'inUiU-." »t llonry Wurti. gnu and Wtuiru, 
J, W, lU. I8S8; "The LHntaito (Cillaoniu) Otpoaiu ol Uub." by O H. Eldridir. I7th Annual 
afport U 's. Owl. Survey. Waah, 0 C. p 815. 1896; W T Day. ] FranUtn hd.. MO, 
«I, 1806; 226 Annual lleport ol the 0 8 0«4 Survey. Waah., I) C. O. II. KIdridae, part I, 
pp. 327 and 340. 1901 " Tlie Produetloo ol Aajiball, Itelated Bitumena and Bitumlnoua lloek 

in 1910," by 0 T. Day, t: 8 Oeol fttrvey. Waah, O C. p 6, 1911. "Modem Aapbalt, 
Pavement," p. 208. 1908; "The llydrocarhona ol Utah." by Barta-rtl. et al, 3 /ad gup. Ckem. 
• 973. 1913: a 868, 1914 . "Oilaonite and Grabaimte," by C3iffofil Btrhardaon. J. tnd. ga#. 
Chm., a 498, 1916. 
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In all the veins the gilsonite is fairly unifonn in composition and 
complies with the following characteristics; 


(Test 1) Color maia. ..Black 

(Teat 4) Fracture.Concboidal 

(T«at 5) liuatro. . . Bright to (airly iMight 

(Teat 6) Streak . .Browo 

(Teat 7) Specific gravity at 77* F. .1.05-1.10 

(Teat 9a) UarJtii'w on Moh’a acute .... 2 

(Test 95) llartliieiia, nmlltj penetrometer at 77® F 0 

(Teat 9c) Hardnetw, conaiatoineter at 115® F . 40-60 

ilardneiw, consistunieter at 77® F 90-120 

Hardnens, coiwHtometer at 112® F Too bard (or test 

(Taat Od) Hiiaceptiliility (8<'tr>r > 100 

(Teat 10a) Ductility at 77® F lAullior's MvtJiod) .. 0 

(Teat 13) Odor on heating Charaoteriatic 

(Teat 14a) Behavior uu melting. . . .... ... Forma a compar¬ 

atively thick, 
viacoua melt. 

(Teat 145) Behavior on heating in flame .8o(tena and flows 

(Teat l.wj) Fiiaing-point (K. and S methorl) . 250-350® F. 

(Teal iri5) Fuaing-point (Ball and King method) . 270-370® F. 

(Teal 16) Volatile at 32.'i® F, 7 lira (dry aulMtancel . I.«m than 2% 

Volatile at 4(X)® F . 7 hra ... Less than 4% 

Volaiilo at 5(KI® F, I hrs ... [..eaa than 5% 

(Teat 19) Fined cuibon . 10-20% 

(Tost 20) Dialillatio-i te'it: 

0 F'lO® C. .9 34% diBtillate 

150-200® C. 5 35% diatillatc 

200-2.50® C . . 12 S4% diatiilato 

250-300® C . 28 99% distillate 

Above 300® C . Coked 

(Teat 21a) .Soluble m carbon diaulphide . . .... Greater than 98% 

(Teat 215) Non-mineral matter insoluble 0-1% 

(Teal 2lcl Mineral iiialter. . . .. Tr -1% 

(Test 22) Carlionea . .0-1% 

(Teat 23) Soluble in 8.S® naphth.a . 40-80% 

(Tost 24) Grama soluble in HX) grama of cold solvent: 

Amyl acetate. . 86 

Amyl alcohol.. . . , Insoluble 

Amyl nitrate... .51 

Aniline .. Insoluble 

Beniol .71 

Corlmu tliHulphide . .Soluble in all pro- 

portiona 

Carbon tetrachloride. 44 

Chloroform. . 54 

Ethyl neeiMlo .3 

Ethyl alcohol. . .Insoluble 

Ethyl ether. . . Soluble m all pro¬ 

portions 

Naphtha 62®. 5 

Nitrobemeue ,. . 0 

Propyl alcohol . . Insoluble 

Toluol. 73 

Turpentine ... . 60 

(Tost 26) Carbon. 88 -89.5 

(Teat 27) Hydrogen. 8 5-10.0 

(Test 28) Sulphur. 17-2.0 

(Test 29) Nitrogen .... . 08% 

(Test 30) Oiygen. 0-2% 
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(TMt SS) Pamffln* seal®. 0-Tr % 

(T««t 35) Sulphonatlon r««idu« . 85-95% 

(Test 37) Saponifiable matter ... . Tr 

(Teat 41) DiaeoieacUoo No 

(Teat 42) AntbraquiDODe reartion No 

Gilsonite is assorted and marketed in two varieties, known as " selerts ” 
or “ firsts,” and “ seconds ” respectively. The “ firsts ” are taken 
from tlie centre of the vein and arc characterized by a conclioidal and 
lustrous fracture. The “seconds” occur near the vein walls and are 
characterized by a semi-conchoidal .and semi-lust rous fracture. In 
other respects, however, they are alike. 

Fig. 45 shows the hardness, tensile strength (multii>licd hy 10) and ductility 
curves of a mixture of gilsonite and naiiluaj oil fluxetl together so as to have 



Fio. 45.—Chart of Physical Characteristics of Fluxed Cilsonite Mixture. 


a hardness of exactly 25.0 at 77“ F. The resulting mixture contain^ gilaonite, 
47 per cent and residual oil, .53 per cent The fusmg-point of the gilaomte used 
was 285° F (K. and S. method), and that of the resulting mixture 142 F. 

Gilsonite is one of the moat vnluahle asphalts for manufacturing painU and 
varnishes (see p. 471). Gilsonite and glance piuli mix readily in all proportions 
with fatty-acid pitches, thus differing from grahamile. Proilucts involving the iw 
of gilsonite formed the basis of several palenU granted to Gilson, alter whom the 
material was named.’ 

> O. B. PattaW 38I.7M1 of Apr. S6, 1887; MJ,07S of Mar 3. 1887 : 418,884 of Nor. 38, 188* 
to 8. H. OiboD. 
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UNITED STATES 

Vtth. 

Uinta County. Practically all gilsonite is mined in the “Uinta 
Basin,” at the junction of the Green and White Rivers south of Fort 
Duchesne, Utah, from a point 4 to 5 miles within the Colorado bound¬ 
ary line (Rio Blanco county), extending westward about 60 miles into 
Utah. A large numter of veins have been located in this area, and 
extending from a northwesterly to a southeasterly direction, and all of 
them parallel or nearly so. The veins vary in width from a fraction 
of an inch to 18 ft., and some of the longe.st, such as the Cowboy or 
Bonanza, have liocn traced 8 miles. The veins are almost vertical with 
fairly smooth and regular rock walls, and although they are usually 
continuous, they may in certain cases bd interrupted in the direction 
of the fissure. Very frecjuently branch veins join the main one, form¬ 
ing veiy acute angles. 

Near the outcrop where it has been exposed to the weather, gilsonite 
loses its brilliant lustre, changing to a dull black. Along the vein walls 
it shows a columnar structure, extending at right aiigles to the wall, which 
is characteristic of all asphaltites. The rock walls are often impregnated 
with gilsonite J to 2 ft., so there is no visible line of demarcation between 
the impregnated and non-impregnated portions. In shale formation the 
impregnated zone is smaller than when the gilsonite is found in a porous 
sandstone. 

The following are the principal veins occurring in this region: 

Duchesne Vein. This otx'urs about 3 miles east of Fort Duchesne, 
filling a vertical crack in sandstone and shale. The 
vein has been traced for 3 miles, and is 3 to 4 ft. 
wide for almut l.j miles, tapering at the ends, until 
it completely disappears. A comparatively large 
quantity of gilsonite has been mined from this vein. 

Culmer Vein. This is also known as the 
“ Pariette Mine,” and occurs in the “ Castle Peak ” 
mining district. It has l)een traced 7 miles and 
varies in width from a fraction of an inch to 30 ins., 
averaging alsjut a foot. Several branch veins are 
connected with the main one at very acute angles. 
It also shows a number of transverse faults as 
illustrated in Fig. 46, in which tlie lateral displace¬ 
ments vary from 1 to 10 ft. The associated rock 
consists of sandstone and shale. 

Bonanza and Cowboy Veins. These are shown in Fig. 47 and embrace 



Fig. 48.—Faults in Gil¬ 
sonite Vein. 
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A.SI'IIAi;i'.S AND ALLIED .SUUSTANCES 


tlireo veins known as the Cowtxjv Vein, tlie Hast Ilraneli and the West 
hranch ivs|K'( lively of the Itonaniia Vein. The last two are joined together 
near the southern end. These veins oeeur in sandstotie and shale. The 



Colirtey of AmcricBn Asphftlt AtMociation. 
Fig. 48.—View of Cowlviv Gilsonito Mitio, Ttah. 


shale l)ping harder than the sandstone, seems to have offered greater 
resistanee to the intrusion of gil.sonite, and the veins are not therefore 
as wide when they oeeur in the latter. The disappearanee of the veins 
to the northwest also oeeurs in shales, and as the eilsonite nasses from 
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sandstone into shale, it splits up into a nunilier of smaller veinlots, wliidi 
gradually thin itito fine hair-like fissures. 

The ('owlioy is the largest and attains a maximum width of 18 ft., 
maintaining a width of 8 to 12 ft. for 4 miles. Its total leiigili is 7 
to 8 miles. A typical view of the t'owlioy Mine is shown in I'ig. 48. 

Ihe Bonanza Veins have lieen followed for 7 miles, hut they are not as 
wide as the Cowboy. 

A humlier of smaller veins also occur in this region, inehiding the 
Rainlxiw,” “ Harrison,” ” Colorado,” etc., which aie narrower and 
shorter than the foregoing. 

Black Dragon Vein. This occurs southwest of I’.vacuation (’teek, a 
tributary of the IMiite River, near the ( olorado line. It has Ikhmi tniced 
for 4 n iles, and averages between 2 aial I! ft. wide, the maximum Uang 8 
ft. near the southern end. It is as.«ociated with sandstone, limcstoic 
and shale. In some places, the rock is impregnated with gilsonite 1 to 1 
ft. along side of the vein proper. A branch railroad runs from Dragon. 
Utah, connecting with the Denver & Rio (iranilc R. R. at Mack, Colo¬ 
rado, from which point most of the gilsonite is shipi>ed hiast. 

The methods of mining the gilsonite are very crude, and involve the 
use of a pick and shovel, together with some sort of simple hoisting 
aiiparatus. Very little if any timlier is reipiiiod, as the veins aio nearly 
vertical, and the surrounding rock is linn and sclf-sui)|s)rting. 'I'he 
gilsonite is shipped in sacks holding about 2(XI lbs. One man can mine 
and s.ack an .average of 2 tons [ler day 10 of hours. Ajiproxinmtely 
20,0(K) tons of gilsonite are mined and shipiied from this region e.ich 
year. It is estimated that .12,000,000 tons of gilsonite are still available 
in the entire region. 


GLANCF PITCH 


Glance pitch resembles gilsonite in the external appearance, with 
the exception of the streak, which is a decided brown in tie case of gil¬ 
sonite, and black in the rase of glance jiitcli. It, also dilTirs in having a 
higher specific gravity and producing a larger jiercentagc of fixed carlion. 
It always has a brilliant conchoidal fracture, and a fusing-iioint lietwccn 
250 and 350 ° F. (K. and S. method). In general, glance pitch complies 
with the following characteristics: 


(Tmt 1) Color io mane 

(Te«t 4) Fracture 

(Teat 6) Lustre 

(Teat «) Streak on porcelain 

(Teat 7) Specific gravity at 77* F 

(Teat 9o) Hardnese, Moh'e acale 


niack 

Conchoidal to hackly 
Hnght to iaifly bright 
Black 

1 10 1 16 

2 
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(TMt 96) Kordoeu. needle penetrometer nt 77* F.. 0 

(Te®t 9f) HardnesR, conniatometer at 77* F. 9ft-!20 

(Teit 9d) Buaceptibihty factor .> 100 

(Teat JO) Ductility at 7/* F .0 

(Teat 13) Odor on heating . Aaphalfio 

(Teat 14o) Behavior on melting. Forma a coroparativriy 

thick and viacoua melt 

(Teat 146) Behavior on heating in flame.Softena and flowa 

(Teat I5a) Fuiing-pomt (K. and 8 method) . 290-350* F. 

(Teat 156) Fuaing-p<]iiit (Rail and King method).. ... 270-375* F. 

(Teal 10) Volatile at 32.'>“ F . 7 hra. (dry aubatance).I-eae than 2% 

Volatile at 400* K. 7 hra .Lean than 4% 

(Teat 19) Fixe<l carbon . 20-30% 

(Teat 2la) Soluble in carbon diaulphido . . .llaually greater than 09% 

(Teat 216) Non>mineral matter itiaoltible Leaa than 1% 

(Teat 21c) Mineral matter . .Tauallv hw than .'»% 

(Teat 22) Carbenra .I-eae than !.0% 

(Teat 23) Soluble in 88* naphtha ... 20-50% 

(Teat 20) Carbon. ... 80-85% 

(Teat 27) Hydrogen 7-12% 

(Teat 28) Sulphur ... 2-8% 

(Teat 29) Nitrogen and oiygen. .A Iruee to 2% 

(Teat 33) Paraffine 0-Tr % 

(Teat It.”)) Hniplumatioii reaidiie 80-95% 

(Teat 37) Saponirnif))«- mailer . . Tr 

(Teat 41) Diato reaction No 

(Teat 42) Anthraa'dnone rcaclion No 


Glance pitch appears to l>c intermediate Ixitwcen the native asphalts 
and KfAhtt'Kitc. O is pro!)al)ly derived from a different character of 
petroleum than gilsonite, having nevertholcas reached a parallel stage 
in its metamorphosis, under approximately the same external conditions. 

Mexico 

Chapapote. As stated previously (p, Sti), deposits of very pure asphalt occur 
in this locality, varying from very soft consistency to a hard and lirittie asphaltite, 
properly elassiHed as '‘glance pitcii.“ They show a lustrous and conehoidal frac¬ 
ture, a black streak, fuse in the neighborhood of 2.')0° F. (K. and S. method), 
contain over 20 per cent of fixed carlsm, and are more than 99 per cent soluble 
in carbon disulphide. 

West Indies 

Barbados. Glance pitch was first reported in 17.50 by Griffith Hughes, and 
since 1890 has been mincsl almost continuously. Deposits occur in a number of 
localities throughout the island, especially in the Conset district, at Groves, Spring- 
field, St. Margaret, Quinty, and Burnt Hill. This asphaltite has been marketed 
under the name of '‘luanjak,” which was originally applied to the Barbados prod¬ 
uct, although the name was subsequently associated with a variety of graharaite 
mined in Trinidad (see p. 140). The deposits were first worked on a commercial 
scale by Walter Mcrivale in 1896, who also accurately described the deposit, and 
the properties of the mineral. 

Barbados manjak contains a very small percentage of sulphur (between 0.7 
and 0.9 per cent), and about 1-2 per cent of mineral matter. Its specific gravity 
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«t 77‘ F. is in the nciKhliorhood of l.K), fusing-point 320-340” K. (K. sod 8. 
method), the pcrocntoge of fixed carlion as reporle<t l)y diflerent olwn'rni varies 
between 25 and 30 per cent and its solubility in carlton disulphide 97-98 per cent. 
Near the surface, the manjnk is hard and hritlle with a lugh fusing-point, hut 
at the lower levels of the mines it is found softer, and with a much lower fusing- 
point, partaking of the nature of an asphalt, rather than an asiihaltite, and clearly 
proving the metamorphosis of one from the other It also indieates that the 
manjak originated in the lower strata, having lieiui thrust upwani in the form of 
a dyke (see also Trinidad grahamite, p. I4(j). 

It is used largely for the manufacture of varni.slies and ja|uins on aerount of 
its high purity, gloss, and intensi" black color' 

Santo Domingo (Hayti). A dc|iosit of glanis' pitch similar to the iiiei'eihiig 
has lieen rciiortcd near Azun on the Hay of Iteoa. This has not liec'ii dcvelo|ssl 
commercially, nor are analyses available. 


CouiMui.y, South America 

V'ery large deposits of glance pitch iwcur at ('haparral, in the Provini’c of 'rohma, 
on the .Saldafla River, which empties into the iMagilalena River I'he de|Kiait is alsiiit 
100 miles .southwest of Dogota It is transisirted by Isials down the Magdalena River 
to the TOast, whence it is e\|)Orted. Alsiut 2tX»0 Ions are ship|s il annually, having a 
high-fusing |)oint, and over 99 ikt is'iit soliilile in carlsni disulphide.” It is used largely 
for the nianufacture of varnish, and tests a.s follows: 


(TfMt 4) Fracturt* 

(Te«t s')) I.uMtrf 

(Tfst 6) Stp-ak 

(Tfsi 7) SiK-pi5f iiriivuy »t 77" F 
(Tint 8a) liartlm-Nf*. st alp 

(Tfflt 86' |K-iit irtniM ltT 

(Tt”0( 146) lli-ufiiiK Ml flanit” 

(Tfst I/)) Fii«iiiK-|X‘Mil {K and H niHhiKl) 
(Tt'Hl 19) Fixptl rarlxtn 
(Tfnt 21ti) Httliibiliiy 111 oarbtm tlistilplntlc 
(Tfpt 216) Ntiii-muKTal niatM r iiwilublc 
(Toni 2lc) Miut'rul matter 


ConrKoidal 
Hnitlii 
llllM-k 
1 12 
2 
() 

Sdftenn and burn! 
27:." F 

2d 4:.% 
m 0% 

0 7% 

3.3% 


Syria 

Htsbay*. This constitutes one of the most iinimrtnnt asphaltite ileposits m the 
region. It is localeil atiout 40 miles soiitheaKt of Heirut, and west of Ml llamon. 
It has a bright, black lustre, and a black streak. It contains from a trace to almiit 
5 per cent mineral matter, and fuses at 275” F It shows 27 0 la-r cent fixed 
earimn, and on analysis: carlsm, 77 18 per rent; hyilrogmi, 9.07 is-r irnt; sulphur, 
0.40 per cent; nitrogen, 2.10 i»r cent; and minenil matter, 0,W |ier rent. Tbo 
deposit has l*en worked extensively, and a numls.r of years ago fairly large quan- 
titles were exporteil to the Fnited ,8tales for the maiiiifactiire of vamishes. 

Dead Sea. This deimsit is merely of historical inUirest, us it constituted one 
of the most important sources of supply for the ancients (p. 5). There appear 

ll m fsJ, Em.^. ^ Haaai .Sk Ac. M. 3»7, t»<M. 0.rrc„, d. tW 
/nd. tl. 314. 1912. 

W. Soc Ckem. Ind, U. 278. 1904 
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to be large veins of asphalt at the bottom of the Dead Sea, the water of which 
is saturated with salt (25 per cent in solution) having a gravity of about 1.21. 
The asphalt has a specific gravity at 77° F. of 1.104, and as masses become de¬ 
tached at the bottom by earthquake shocks or otherwise, they float to the surface, 
where they are gathered up by natives. A section through the Dead Sea showing 
the veins of asphalt is illustrated in Fig. 49. This glance pitch shows a lustrous 



conchoidal fracture, and a black streak. Its fusing-point is 275° F., over 99 per 
cent is soluble in carlion disulphide, and it yields 20 iwr cent of fixed carbon. 
The supply is limited and the material is used only to a small extent locally.' 


GRAHAMITE 

This asphaltite varies considerably in composition and phs'sical prop¬ 
erties, some deposits occurring: fairly pure and others are as.sociated 
with considerable mineral matter, running as high as 50 per cent.^ In 
general, however, it complies with the following: 


(Tett t) Color in masi .Black 

(Teat 4) Fracture ... .Coorhoidai to hackly 

(Teat 6) Lustre .Very bright to duU 

(Teat d) Streak on porcelain . ... .Black 

(Teat 7) Specific graviiy at 77® F • 

Pure varieties (containing lesa than 10% minera] 

matter). . . .1.15 -1 80 

Impure varietiea (containing more than 10% 

mineral matter).1.175>1 50 

Hay. See. ArU. H. 829. 1908. 

*'*Grahamite, A Solid Native Bitumen." by Clifford Biebardaon. J Chem Sor, 38, 1038, 1910: 


**Oiiaoalte and Qmhamita; tha Reault of the Metamorphiem of Petroleum under a Particular Environ- 
ment,*' by Clifford Riehardaon, J. Ind. Sng. CAem., 8 , 493.1915. 
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(T««t Moli't tcAi*. .M 

(Te*t W) Hftrd&eM. prnvtfvnwtfi- H 77* K _0 

(Tf«t ttf) ilKRlD«Mi. coumlomcifr at 77* F .... Ov«r IflO 

(Tm M) Bust ptibility fartur _ > HKl 

(T«a( 14^) Brha^ior on hraiiag id flanif 

\artfty •bowing a roiirUohiai (rarturo and a 

black luMirc Dorrvpitatca ^lolnoUy 

Vaneiy ahowiDg a barkly Irarturv and a fairly 

bright t4> dull luttff HoMcd*. apliU and burst 

(Teat l&a> Fu«ing-poiD( (K and S mHhodl SM) f)OQ* F 

(Trill 156) Fuaitig'poiot lltail and King mrlhiHl) . 370 635* F 

(Trat 16) Vuiaiih* at 500* 7'. 4 hrs I raa than Kr 

iTrst ID) hat'd carbon 30 55*';, 

(Trat 3)a) Holublr in carbou diaiilphidr 45 liN)'; 

(Tmt 316) Noii'milirral mattrr itiw.lublr in rartMUi diauipbidr han iban 5''’( 

(Tr»t 3lf) Mifirral matter \ariablr (up to 50%) 

(I’Mt 33) farlK-nea t» sn“; 

(Tr*t 3-1) HiduMr 1(1 KM* (irtrolruiii iiaplilba Tr ’lO*; 

(Trat >10) Otigrii in non'tiuiirral it alter 0 3‘'; 

<TmI .13) I’araffinr O Tr % 

(Tr*t .3.^) Kulplioiintion rraidur ko 0.5% 

(Tr«t 37) Sa|M>fitha)>lr ll•■(lrr 1'r 

iTral4I) Dtaio reaction No. 

(Teat 43) Aotbraquioour ivactiuu No. 


In Kciu'ral. Knihuinitc is characterized liy the futluwiug features: 

(1) ihgti a|M'riri<- gravity. 

(2) Hlack Hirrak 

(3) Hitfl. fu«ii)g-ix>int. 

<4) High iM'reriitngr of filed earbon, 

(5) Kolubility of noii*nuueral maio-r lo rarlwm •!t•ul|)hlde 

The iiulivklua! deposits < f uraliiimile oceiir in the (ollowinR localities; 


L’nitkd .States 


West Virginia 

Hitrhie County. The originnl ,iepovit o( grahamile wn* diseovered in Wert 
Virginia ' It was firnt deirnlasi by I’rof J 1' I/’kIic in a pn|)er read liefore the 
Amenran I’hiloaophiciil 'Society, .March 2(1, IHd.'). I( is found in l)Ut a single 
locality in Ritchie County, al«ii( 2.', miles southeast of Parkerebiirg. The grahaniite 
5ILs an almost vertical fissure in s lal-nme, a mile long, varying in width from 
2 ins. at tlie ends to 4 and .1 ft. m ilic centre. Its depth is aseunied to be ISOC 
to 1600 ft 

The mine has been long abiindoiied, as the available supply of grahamit* is 
exhausted. Fig. .50 shows a view of the o|)eniiig in the hillside from which the 
grahamite has liecn removed. Fig. 51 shows the niitiire and extent of die the 
wqykinga. Next to the sandstone walls, the grahamite shows a eoarscly granular 
structure, with a semMull fracture. The following layer is highly columnar in 
structure with a lustrous fracture. Finally in the centre of the vein, the grahamite 

>J P. leXlc. Pret Am PM. Sor.. t. 1M3. Prol. Heorx Warts, Pr«e Amtr Soe /w Ihi AAw. 
o/ Scimcr, M, 124. ISW. " ViDlsItc, Albcftitc, Crshsmlu, and Asphsllum DMctibsd and Campand, 
with Observations on Bbumen and its Compounda," by W P Btaks. Trant. Am /ad Mintny gap., 
1*. M3~82. 18811. W. M Fontaine. Am i. £c>.. I, Urtobst 14. 1878, Becoad Serial: I C. White. 
BaU. eeatapual Sac. Aaa., tS, 277, 1889. 
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is more compact and massive, with the columnar structure less developed and a 
semi>dull fracture. This variation in structure, fracture and lustre is characteristic 
of grahamite deposits. 



Fkj. 50.—V'iow of (Iruhainito Vein, Kitthic County, West Virginia. 


On analysis it tests as follows: 


Buck 

1 18-t 185 

2 

SoftertK, burnt and splits 
520 540® F 
42 15 tod 42.48% 

(Teat 21o) Soluble in carbon Uinulphido. 


Non*minpra] matter ... 97 01% 

Combined mineral matter . 0.44% 

(Teat 215) Non^mineral matter inaolubU. 0 17% 

(Teat 21 c) Free mineral matter. 1.71% 


(Teat C> .Streak on porcelain . 

(Teat 7) Specific RTaMty at 77® F 
(Teat Oa) Harilneaa on Moh't tcale 
(Test 146) Behavior on heatin* in flame 
(Teat ISo) Futing*point (K and 8. method) 
(Teat 10) Fixed carbon 


Total. 


99.93% 
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(T««t 23) 

IniolubU IB fmrbon trirarblurulc 

55 0% 

(TrM 23) 

ScJubW ID 88* naphihn 

S 0% 

(Trtt 35) 

Hydroscopic moi^tun* 

0 07% 

<T»t 26) 

Carbon 

M 56% 

<Tr«t 27) 

HydrofCb 

8 68% 

(Tm 28) 

Sulphur 

1 79% 


Diflwncc 

2 97% 
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£l«vation 
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.... Outh^theffifchif 
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Tei«s 

htytUf and Webb Courdteii Hn harilfM)ii ' re[»orU a dcixwit of urahantilfl in 
Fayette County in the r.ei(Ehl>orli<KMl of l^ucranic*'. *iIm» an o('<’um*n<’e in Welib 
County, neir Ijirclo. in tin- HoutluTii jxirtiori of lh<* State 'Ihew tent iw followH: 


(T'-it 19) Fmfi rirNyf. 
(Trat 3)f) Minrrftl nitlUT 
(Tent 25) Momtur*.* 

(T«>t 26) C»rt»on 
(Tr^t 27) Hy<lror*n 
ITeat 28) 8iitphur 
(Te»t 29) Nitror^n 

I'Dilott rminrd 


OrkhniiiiK' 
|Vr ( •» lit 


:t7 7 

4 2 

0 3 
76 2 

6 G 

7 4 
0 4 

r, 2 


Wfijb CowMty 
< imhiitiiiO’ 
I'l-r Out 

52 8 
2 9 
0 3 
78 « 

7 8 

5 4 
I 2 

6 t 


J. Am Cktm SiK U, 1032, 1910 
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ASPHALTS AND ALLIED SUBSTANCES 


Okkhonu' 

Puihmataha County. Two small occurrences arc reported in the Potato Hills 
about 5 miles north of Taskahoma. One is in SE }, Sec. I, T 2 N, R 19 E, 
and the other in NE }, Sec. 2, T 2 N, R 19 E. Neither of these is of importance. 

Jackfork Creek Deposit. The largest known grahamite vein in the 
world occurs in Jackfork Valley, 12 miles west of Tuskahoma in the 
SE i, NE }, Sec 9, T 2 N, R 18 E. It is about 1 mile long, and varies 
in thickness from 19 to a maximum of 25 feet. At the surface the vein 
dips an an angle of 37°, and after continuing downward for 140 feet, 
turns suddenly at an angle tetween 45 and 50°. It is illustrated in 
Fig. 52. The grahamite fills a fault in shaly sandstone. The upper wall 



Fio. 62.—Vcrticttl Section through Grahamite Mine Near Tuskahoma, Okla. 


of the vein is firm and requires no timltcring. In mining the material, 
cave-ins are prevented by allowing pillars of grahamite to remain in place 
to support the upper “ hanging” rock wall. When the author visited the 
mine in 1912, a track was laid along the bottom wall, and tbe grahamite 
hoisted out in skips on a cable-way. There is evidence of large pieces 
of rock having become detached from the hanging wall and fallen into the 
deposit of grahamite Wore it became solid. 

As is common with most grahamite deposits, several distinct types 
of material are found in the vein. The grahamite which occurs along the 
rock walls for a thickness of 2 to 6 ft. shows a hackly (known as a “ pencil- 

■ *'OnihftmU« Deposit* of SoutheMtern Oklahoma/’ by ). A. Taff. Cootrihutions to Economic 
Otology: Bull. 380, U. 8. Geol. Purvey, p. 280, 1908; "Asphalt and Petroleum in Okiahoma," by 
L. l». Hutchison, Bull. 2, Okla. Qeol. Survey, Guthrie, 1911. 
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lated ”) fracture, and a 8emi-<tull to dull lustre, whereas the grahamite 
taken from the centre of the vein shows a ronrhoidal fracture and very 
hright lustre similar to KiLsonite. This is prolwhly due to the fact that 
the grahamitc in contact with the wall coole<l more rapidly than the central 
portion, and very likely has also l)cen subjected to more or leas strain 
from movements of the surrounding ns'k. Many thousand tons of gra- 
hamite have l)een mined from this vein which is now pretty nearly 
exhausted (from tiOOO to 7001) cjirloiuls during the first four years, of its 
oiK-ration. and at the time of the author’s visit almut 50 tons per day) 
The cost of a moving to the surfiue is comiraratively small (80c. to 11.00 
per ton), but the imiteritil has to la* curtrsi 10 miU« to Tuskahqma, the 
nearest sliipping (srint (costing aliout $2.5tl ix>r ton). 


Oo an*lyii* tt m fuMotta 
(Trat I) Color m m&M 

(Twit 4) Frucliin* l<») 

Ffiwuirf ih) 

(T«rt 5) {<i1 

I.umrv* (fci 

(Tnt Htri'iik (’I mol 6) 

(Twit 7) SixTihe ftravity at 77^ K (<i nitl fc) 

(Tfwt 9a) Moli'a amir' 

(Test 146) Behavior «iii in (o) 

IWhavtor on healuis tn flnnn' <6) 

(Twit ITni) Fu«ng-|>iHnt (K bimI iii'tlMNi) (i ttioi 6) 


nurv 

HKCklv 

l*ri|h( 

Hr-Hii-hriglit to dull 
MUrk 

1 IH 1 t9.S 

2 

lr)iumMM'«*ii vioti'nlly 
Kofii'na, ■plitB «itd liurna 

JKK) tUM* F 


NoTK Tliert* »* oo dppr^finbli' ililfpr^uw* m lu»img-p«Mni lM'tw*y*n the* two vttrIcUp* (a and 6) 


(Ti‘Ht 16) Volniilf mHft*r rmo®, I hm I/**"" tli*" 

(ToBt 19) ^II''*I ettrlMin (rt und 6) •’•7 76 5/i 

(TpH 2ln) Soltihilitv III Piirlioei diaulpln'l'' (Jn-iite-f th*n 99 b% 

(Trsi 21M N<ni-mifi< ritl iiiwiltilil*’ I than 0 5% 

(Ti'sf 21<) Fr<i’ niimrul fnmti'p (a mitl 6) B 71 0 70% 



to W WWW 60 70 eo 90 K» no 120 tM 140 l» 160 

Temperaiurt.OegreesFahrenheit 


yio. i)3.—Chart of Physical Characteristic* of Fluxed Oklahoma Crahamite Mixture. 
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Fig. fi3 shows the hardness, tensile strength (multiplied by 10) and ductility 
curves of a mixture of the grahamite and residual oil, fluxed together so as to 
have a hardness of exactly 25.0 at 77° F. The mixture contains: grahamite, 60 
per cent; and re.sidual oil, 40 per cent. The resulting fusing-point (K. and S. 
method) was 277° F, The same residuil oil was used in this test as for the 
gilsonite in Fig. 54, and the fusing-point of the grahamite used was 650° P. 
(K. and 8. method.).' 

Impson V.'illcy I)ei»sit. This occurs on a branch of the Tenmile Creek on 
the SW J See. 21 and NW J, ,Sec. 28, T 1 ,S., R 14 U., alxmt 16 miles northwest 
of Antlers. It is known under various names such ,as .liimlm Mine, Choctaw Mine, 
or Old Slope Mine. This is the second large-t deposit in the State of Oklahoma. 

It occurs in a xonc of faulting and fracture in shale rock, and the vein is len¬ 
ticular in form, occurring as a scries of pockets of the general form, illustrated in 
Fig. 21, varying in thickness from a fraction of an inch to ,'tO ft. ns a maximum. 
As the dip of the vein is very sleep, the nutcrial must lie hoisted out in 
buckets with a windlass, and then hauled 15 miles to Moyer, the nearest shipping 
point, at a cost of ulmiit $;i.00 (ler ton. He ivy timbering is necessary on account 
of the character of the em-losing rock. The gr.ih unite shows the same variation 
in fracture and lustre as the .lackford Cre.'k deposit. On analysis it tests as follows: 


Color in miifw. frufttire, lustre, spcf'ifiv i^ravity, hartlncss ninl behavior on hcatiiiR io flame, same 
as the prccetlinic; 


(Test 1.5) 

FusinK-point (K and S nictluKl) . 

460-520® F. 

(Test 16) 

Volatile maitf'f. .500® F, 1 lira 

Less than 1% 

(Tost 10) 

FiK«°d carbfm 

48 6 - .53 0% 

(Test 21a) Solubility in carbon disulpludc 

90 .5 -96 2% 

(Test 216) 

Non-mincrn) matter insoluble 

0 0- 6 0% 

(Test 21c) 

Free mineral matter 

11 -6 7% 

(Tesv 22) 

Carbenea 

68% 

(Test 2;i) 

Soliiliiliiy in HK'’ naplitha 

0 2 0 7% 

(Teat 25) 

Moisture at 100® (‘ 

0 0 - 0 7% 

(Test 26) 

CnrlHm 

83 90% 

(Test 27) 

llydrogcn 

7 14% 

(Test 28) 

.*4ulphur 

1 04 2 24% 


Untlctermiiicd 

6 72% 

(Test 33) 

Saturated hvfirocarbons 

0 32% 


Atoka County. Mc(iee (V(*k Doiwsits. 'Fwii .sintll veins, one 4 in. nnd another 
about 1 ft. in thi<*knes.s, occur in the SW See. 2H, 'F 1 H 14 K, alxiut ls5 
miles northwest of dVntlers. Thc'«e constilute ihe .so-called “William's Mine.” 
Shaftij have been wunk from 1.") to 20 feet, but not .siiffieient Krahnniite has been 
found to warrant eontinuinK operations. It te.'iU a.s follows; 


(Test ID) Fuod carbon 4a .‘i 4.> 7% 

(Test 21a) Sobible in carbon tlwulphnli' OA 7 7 % 

(Test 216) Non-niincral maltcr insoluble ... 0 0 4 0% 

(Test 21c) Free mineral maltcr . .0 3% 

(Tost 23) Stilubh* in 88® naphtha . . 4 .6 0 8% 


A larger deposit also occurs in the vicinity of McGee Creek, in the NE J, 
Sec. 25, T 1 S, U l;i K, and NW i, Sec. 30, T 1 S, R 14 K, nijoul 12 miles 

* Further data on the luaing-points and bahlnesa at various temperatures of miiturrs ot the 
grahamite with a Mexican residuum will be found in J. /ad. Bng. Cktm, T. 20'». 191.5. •'Vari¬ 
ations of the Physical Characteristics of a Petroleum Residuum «ith Inefcasinf P«rrei.tagcs o( 
frabamile,” by H- Ressbaehcr. 
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soutbeaKt of Stringtown. Thia ia known aa tlu' I^lm^oy or Moult<H) Miiw. IIhs 
K ruhamite fiila u fitwure, cauMMl by faulliiiK. ami w n*|>ort4«tt (o tw* 14 to IA ft. 
thick at the aurfiu'e, tattering to alMMit 4 ft. at a (ieptii of MO ft. Ttie mine is 
now' nl)Hn<lono(l, but wht'ii otiemtetl aoim* yrarH ago, aliout 2000 tona were iniiHal 
annually, liemg haulcal 1.5 mih^ to Stnngtown, the nearoNl shipping {xunt. A 
proep(M't occurs al>out [ mile Noiiili of th<« fon'guing, conaisting of a vein al>otit 2 
ft. thick. On analysis it Uwt.s as follows: 


(Tift I.Mi) Kui>iii2-|M<ii>t (K aimI S iihUkhI) . 47.'!'' K 

(T«fl nn Kixtil rAftmn .'IH 42 41 0% 

(Tt'<( 211 .*»4»lul»ilily in rArls'n M 7 y."* 0% 

(Tift 216» Non-innnral ihaIOt in»iiliil»|*‘ 4 H 0 J% 

(T«fi ^If) Kri*»“ n>:i'i*T 0 UH 7 1% 


lioggy (‘ret*k IVposit 'Mils ts'ciirs aUail ti miles nortlieast of Atoka, ami ! 
mile from the M. K A T It It in the SW .'^'c 1' I S, U I2 I') The 

vein oet'urs m shah' varying m tliiekness from sevi'ral inches to st'Veriil ftH't It 
ha.s long IsHMi alstmiomsl, and no aiialy’ics im* available. 

(‘hicka.sa\v ('rts-k DcimioI An imdevelo|M*d vein in shale, earrymg stnaiKs of 
grahainite, alxail 0 ft fhiek has Issm re|H>rl<s| m S*e. 1,5, 'I' 1 S, It 12 K iiUnit 
21 miles e:Lst of Stnngtown on tht* At K. A 1'. Itailmad 

Sttitfn‘n.> Ctniiilif 'I'hw oeriir. m Ihi* NW }. .S'e 0. 'I' 2 S, It 4 \N’, aUait 
0 miles north of Iss'o. ami is miles ea.s1 of (’tananeht* 'Mils vein has Us'ii proa- 
I)eet<si for aUnit half a imie. ami is'enrs as a fault m sandstone and shale The 
vein IS of a prtmouneeil lentinilar l\|s‘ existing m a senes of )M>i*kets, smiie aa 
largo a.s 10 ft aeross, often eonm'ete<l with a thin vemdike eniek less than an 
ineh wide Al.sevenil iMunts the de|Meit |Mnrhes ont eiilindy. In the din'etioli 
of the vein, the ixiekets me:i.»iin> 2.5 to 100 ft horixontallv and vertieally. A eliiir- 
aeteriotie featim* of this <ie|M>sit i.s the mliltration of pyrites, grains of whieh an* 
clearly vi-'ible to the nakeii eye TIk' surrounding shale is {Kirous, and carries 
minute partiHes of the gr.ihamite, whteli are dissfunmiiUHl throughout the rock 
for .'Mime di'-laiwe on Isitli '•ales of the \em.‘ 

'Mie material tests as follows: 


(T*ft 4» Frsrnirf* lUrkly 

(T*-*t .M I.us(r«- 1>«I1 

(Tift «) Sir.'ik hlArk 

(Ti’aI I'll) Ftisirix-i'oiJit (K Hint .s nu-llKul) 401 4aa® K. 

(Tift m ViXiil rnrlmfi M 4 W 4% 

(Tft 21a) SoltiOli- in rArlsm dis*il|»hnl»‘ HJS W7 70% 

(Tift 2Ift) Non-imiHTHl niaOi-r ais./lulili‘ 0 10 :i tMl% 

(Tifl 21i) Fris" mini-rnl mattir (iimstlv p>ru<A) . 2 20 14 5tS% 


Colorado 

(hand County. Dpixwits of (trahiiimto lire found in Miildlo Park alon* the 
rontinental divide in the northern part of Cnind County. A large vein iMTUt* 
in See. 24. T 4 N, R 77 W, on a fork of Willow Creek ulamt 'l.'i nulea north of 
(irand River, in a region of elay, mngloinenite and aandatone. Several veiiia and 
hieiurea have Iwen pro«peole<l, the main vein varying in width from 2 iiw. up to 
6 ft., and extending 100 to 125 ft. Cointuiratively small quantitien of the gra- 


IW. R. Crane, Mint$ and Mineratt, Jan, 190Q, 
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hamite have Ijcen mine<), due to difficulties in transportation to the nearest rail¬ 
road. The product tests: 


(Teat, 7) 

Spccifie gravity at 77® F. 

. 1.15- 1 16 

(Tost 19) 

Fixed carbon . 

. 47 4 -49 3% 

(Teat 2U) 

Soluble in carbon disulphide 

. 98.2 -99 3% 

(Test 216) 

Non-mineral matter insoluble 

. 0.6 - 1,7% 

(Test 21f) 

Free mineral matter 

.0 0 - 0.1% 

(Test 22) 

Cartienes. 

.80 ft% 

(Test 23) 

Solubility in ftft® naphtha . 

. 0 ft - 1 3% 

(Test 2fl) 

Carbon ... 

. 85 9 - 86 1% 

(Test 27) 

Hydrogen ... 

. 7 03 - 7 75% 

(Ten 2») 

Sulphur. . 

. 0.93- 0 99% 


Uadetermined. 

. 6.34- 5.46% 


Mexico 

Province of Vera Cruz. A vein of irrahaniito has l>rrn found at Hua.^itef’a 
on the Panuco Uiver ‘ in a vertical fi-sHiire, oc<urring in sliales with an overflow 
at the junction of the .shale stratum with the overlying sandstone. On anulysi.s the 
material tests as follows; 


(Tc.'t 7) Speriftp Kravily, at 77® F t 

(Test hi) Fixicl onrboii iir* 'i*",. 

(Teat ^I'l) So|iil»tt‘ m ciirboii disiilpliKb* 03 H*’; 

2lf)) N<m-mm»*ral matOT ntixtbibb- 3 4% 

(TmI 21p) F'fpp iiiin«ral mntOT 2 S‘'; 

(Test 23) Soluhtltlv in Ss® naphtha ft 4% 


Province of Tamaulipas. Another deposit has l»een re|>orte<l near the City of 
Victoria, containinK >i.i |M>r cent of non-mineral mutter insoluble in car{x>n disul¬ 
phide and 54 per cent of lixed carlion 


(Tiba^ 

Province Pinar del Rio. In the District of Muriel, near the City of Bahia 
flonda, there occurs a fairly larfjt' vein of Kraliamitc, known as the "Iji Amentia 
Mine,” or the ‘“Hodas Conception Mine,” te.slmu a.s follows: 


(Tost 4) FrRclwrt' Shows Untmot 

r|oa\ AKo 

(T««t .^) Lu»lrf* . . Somwttjll 

(Toni 7) Spopifio (irtiMiv, at 77® F . .1 I.*)? 

(Tost 19) Fixod rarbon . . 40 0 42 2 % 

(Tont 21o) Sohiblo in carbon ihsulphido ... .... 09 4-90 

(Tont 21b) Non'iiiiiioral mattor insoluble. ,00-0 1% 

(Teat 2Ic) Free minora! matter. . 0 4 0 6‘j, 

(Teat 22) Carbenea, .About 25% 

(Test 25) Solubility in ftft® naphtha. 17 4-^ 0% 


Another deposit occurs near the City of Marie), 1 mile south of Mariel Bay, 
known as the “Magdalena Mine," which extends about 100 ft. in length and 40 ft. 
in width. Lan^' quantities of asphalt have been mined from this deport, which 
I Am J. Set . II. 277. 187ft 

< “Bitumen in Cuba,” by T. Wayland Vaughan, fng. .Vininn J , Tl, 344, 1902; “An Etamination 
of Soane Bituminous Minerals,” by F. C. Garrett, J. Soe Chfm. Ind , II, 314, 1912. abo ” T^o 
pituinens of Cuba.” by Clifford Richardson. 
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is rharacteriiw! I>y the presence of a!»out 10 p<‘r wnt of associated minenU matter. 
It tests: 


(Ti'at 4) 6’ractur** 

('onehoiilal 

(T4*Ht 5) LuaUt* 

Hull 

(Toat U) Streak on porcolain 

HUrk 

(Tvat 7> SjuTifir arakit>. al 77'' F 

1 41 1 4S 

(Ti*at 191 Fim*il rarlxm 

;ui t) 3S u^: 

(Teat 21al Soltibh* in cHrUai dia'ilplndi' 

.'i.l 

(Teat 216) Non'inineral niaitir iiiMtlnblf 

3 .%■,, 

(Teat 2lf) Frw imriiTHl riiati*r 

:is 41'; 

(T«*at 22) ('arlrt'iiea 

i 1 ) v : 

(T>*»l 23) Ssiliihiiit) 111 KN® na|i|itliit 

37 4S*'; 

(Ti-at 2U) ('nrl.cin 

72 :• 77 S'': 

(T«-at 27) ll\«)roni-n 

.V 1 s 7*'; 

(Tiai JK) Sulphur 

0 9 7 7^: 

DilTt rfiici- 

1) <• 11 4*; 

Another vein occurs in this >uinic liicaliU. prubiibl^ ii 
ct'ding, knouri us llu* “Mcrc<s)4>^ Mint*, ' l<‘r<ting himil.'itly 

t'ontinuatitii) of Ilit 

Province of Havana. In the ncighUirluMid of ('iiii)|m 

Mon<l:{. grulmmitt 

licen oliluinctl from u iiiiiu* kno\M) us “Istt HuIkuih." whit 

h iiMa 

(Toat 4) traotiin* 

S« iiii'eonehdiital 

(Teal '*) Iiiair*' 

Dull 

(Teat U) Siri-ak iiti pr>r«-« laiii 

lUnck 

(Ti'at 7) S|a‘nfir (>riiMl\ Ml 77*' F 

1 17.^ 

(Teal 19) Fixiil eHrboii 

4.'. 0'. 

(Ti-i 'Jlfi* SoiiibU- Ml rnrlxMi .ii.iilp). <l< 

UK 9', 

(T« at 21/') Noti-riiiri*Tii) nmiOT iiiaf'hibl* 

11 7‘: 

(T«at 21<‘) Fre«' nutn-r.'il ni;ito-r 

0 4’: 

(IVat 23) Solubililv in KS® iiaplillia 

u ()'•; 

(Teat 2U) Ciirbun 

s2 

(Teat 27) Ihilroaen 

7 .V'f, 

(T«‘at 2H) SnUilnir 

u 4^:, 

I’lnletemiined 

3 


A similar deptwit has I»orn re|M)rfpil «l»oof 12 miles east of Havana and another 
one, known us the "Ciisitalidud Mine," situiited nltout 9 10 miles east of Havana, 
and 2 miles south of the t'oast, in a vein OOO-OOO ft loii|t and 1-30 ft. thii'k 
testing substantially the same as the r»re«<Himg 

Province of SanU Clara. Nine miles northeast of the City of HanU Clara 
near Loma Cruz, there occurs the deiKwit known os "Santa Kloisa," in a fjed of 
.•^rpentine. It tests as follows: 

(Tcft 4) Frarture 
(Test 5) l.iistro 
(Teat 6) Streak 

(Teat 7) Spertfir atravity at 77® K 
(Teat 19) Fii<-<i rarboii 
(T«t 2)a) Soliiblf in rarbon 
(Teat 216) Non mmrral maitpr itiKiInbk 
(Teat 21f) Free miisral tnator 
(Teat 22) Carberjea 
(Teat 23) Solubility in H8® naphtha . 

Another mine oeeurs a short distance from Plaeelas tie! Sur, in an iireguhu* 
vein of lenticular form, occurpinR iu several Imiiiclic*. This mine is known as the 


Semi'concboidal 
Hriaht 
Blafk 
1 20 
34 3.^% 

7»-79% 

1 S 2 2% 

10 - 20 ^. 
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'‘Esperanza,* and the product is characterized by its coinimratively low fusing- 
point. The average material as mined tests us follows: 


(Tfiit 4) Fracture. . HaeUy 

(Tcit ft) Luetre. Moderately bright 

(Teat 6) 8trcak. .... Black 

(Teat 7) Specific gravity, at 77* F ... .1 22 

(Teat 9<i) Hardncaa, Mob’s scale .2 

(Teat Ufr) In fianic. .Softens, splits aod burns 

(Test Ifta) Fiising'point (K and S method) . 400-433* F. 

(Test 19) Filed carbon . 6'. 96% 

(Test 21a) Soluble in carbon disulphide . 07 9-OR 8% 

(Test 216) Non-mineral matter insoluble. 0 Oft- 0 92% 

(Test 2lc) Free inmerui matter. .. 1 15- 2 75% 

(Test 366) Mineral matter combined with non-mineral eon- 

stitueots. 0.37% 


Trinidad 

Two deposits of grahamitc' occur near Sun Fernando on the west coast of the 
island on the shore of the Gulf of Faria, known as the Vistabella and Marl>c)la 
Mines. The grahuinite has licon marketed under the name of ‘*manjak/' pre¬ 
sumably taking advantage of the popularity of the Barbados glance pitch, although 
from a geological standpoint the two minerals are entirely different The veins 
occur in soft shale and sandstone, in a region carrying petroleum in considerable 
quantities. 

A num])er of veins of grahamite have l>een uncovered, the largest known as 
the Vistaliclla mine, which rnea-sures .’i()0 ft. horizontuliy and has l>cen mined to 
a depth of about 250 ft. Its thickness is 11 ft. at the outcrop, and increases 
steadily to 33 ft. at a depth of 200 ft. Throe distinct ty|K*s have lieen found in the 
vein, viz.: 

(1) An amorphous coaly type which has a hackly fracture, and usually occurs 
at the margin of the vein. It is dull in lustre and exhibif.s no regular jointings. 

(2) A columnar ty()e, of dull lustre, having a columnar jointing running at 
right angles to the margins of the vein. The jointing is often very well formed, 
dividing the material into hexagonal or pentagonal prisms. 

(3) A lustrous variety identical in n|)fH*arance to gilsonitc and Barbados glance 
pitch (manjak). 'I'hi.s has a bright lustre, and a conchoidal fracture, being found 
in the deeper workings of the mine, in the centre of the vein 

There w no chemical difference in the varieties, although it appears that at 
the centre of the vein at a depth of almut 120 ft. the grahamite has a lower 
fusing-iioint, closely resembling the Barbados glance pitch, thus serving as a link 
between the grahamite and the glance pitch, clearly proving that both are derived 
by metamorphosis from a common source. 

A stratum of oil-liearing sandstone is knowm to exist lieneath the grahamite 

' "Tht Son Fernando Manjak Field.” Council Paper No. 3, 1905, Council Paper No 36, 1006, 
CouDoil Paper No. 130, 1006, by the Clovernment (ieoloxist, Port-of-H|)ain, Trinidad. ’’Manjak as 
Worked at (he Viatabella Mine, Trinidad,” by J. C T Uaapase. Tranit InM A/imn^ Fnp , Neveaetie- 
upon-Tyne, 8ept. 7, 1908; "An Kxaniiiiatlon of Some Bituminmie Mineral*," by F C (larrett. ^ .S’oe. 
CA«m. /nd.lt 314, 1012. 
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which appears more than likely to have lichen 4len\'ed from an aaphaltie petroleum 
which intruded under {uessure throuiih a fault m the shale. 

The mining of the gmlmmite is inmiiwrutively simple, hut the ahafU have to 
he carefully tin)U>re<l, and precaution.^ have to lie taken to avoid igniting the 
gaaea geneniUHl in the working'*, a.** tile's' are highly exploaivo. It is reported that 
lietweeii 2(KX> and 250h tons are mined |ier annum. 

On analysis it ti'st.s a.s follous: 
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Fig. 64 shows the hardness, tensile strength (multiplied liy 10) and duetilily 
curves of a mixture of the grahamite fusing at 400* F. (K. and H. method), 
and residual oil (the same aa utilised in mixture ahown in Fig. M). Ilu^ 
together in auch proportiona that the haplness at 77 F. ia exactly 25.0. The 
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resulting mixture contained grahamite, 32 per cent and residual oil; 68 per cent, 
and had a fuaing-point of 200° F. (K. and S. method). 

The Marbella vein is smaller than the Vistabella, attaining a thickness of 7 ft. hear 
its centre. It is lenticular in form and splits up into two smaller veins at one 



Fio. 54.—Chart of Physical Characteristics of Fluxed Trinidad Grahamile Mixture. 

end. The grahamite mined from the Marls'lla vien ha.s siihstanlially the same 
characteristics as the preceding. .At the .AO-hait level .S.S jau cent is sohihle in 
88° naphtha (Test 23) at the 125-ft. level, 9.6 jicr l■cnl, and at the 200-ft. level 
12 per cent. 



CHAPTEH XI 


ASPHALTIC PYROBITUMENS 


Tiik iwphallir p.vroliituiiK-nx an- natural suliatanrr^ rflni|) 08 (><| of 
liy(lr<H-arl)ons, clianwloriaai hy thoir infusibility and coniiMnitivo fix-oduiii 
from oxyijoiiatod aulistanros. They are into fivp cIiwhoh, vi*.: 

olatcritc, wurtzilite, allK'rtito, imiiaoiiito, and aapimitic pyrol>ituminnua 
shales. The lirst four are eomiuiratively friH' from iiKsocialeal mineral 
matter (usually under 1(1 (xt rout). If the mineral matter pixalomiimtes, 
the material i.s known as an asphaltic pyrohituminous shale, which tenn 
is applievi indiseriminately to shales containinu wurtzilite, alliertite or 
im|X4onite. 

Much confiLsion exists reuai-dinK the classilication of asphaltic pyro- 
hitumens. Every now anil then it is allcKed that some new tyix' is 
discovenvl, which on close'r invislination proves to U' an old sulistanix! 
chrislenisl under a dilTcri'nt name. Thus the so-callnl “ lUKritc " de- 
•scrilxsl liy <!. H. Eldrnlfte,' is nothiiiK mon* than allx^rtite (see p. 1,').')), 

Klaterite, wurtzilite, allsTtite and imiwonite when they occur asso¬ 
ciated with less than 10 [xt cent of mineral matter, are distiiiKuisheil 
from one another as follows: 


Klmiritf 


1 

1 

Sirtek 
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nt 77” K 

futcl ('arlx'D. 

J*i f (Viit. 
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. —.— 

_ _ _ 


All four are derived from the metamorphcxiis of petroleum, and it is 
probable that the impsonite represents the final stage of transfonnalion 
of elaterite. wurtzilite and albertitc, as well as the asphaltites (gilaonitc, 
glance pitch and grahamite). 


Aaplukit and Bitumiaoua Rork D«immiUi of tb« Uoitad 32d Aooual Report, V. 8. 

0«rv|. Survey. Waeh , D.C. Pert I, pp. 222 end 3W. 1901. 
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ELATEBITE 

This asphaltic pyrobitumen is the prototype of wurtsilite. It is found 
in a few localities, in small amounts and is of scientific interest only. 

PiNQLAND 

Derbyshire County. Elaterite was originally discovered at the Odin Mine in 
Castleton by Lister in 1673-4.' It was again described by Hatchett,’ who found 
it to be moderately soft and elastic, like India rubber, having a specific gravity 
of 0.9053-0.688. It is slightly soluble in ether (18 per cent) and swells up in 
petroleum naphtha. Klaproth' examined this same material, stating that it ‘‘fuses 
at a high heat, and after this may be drawn into threads between the fingers,” 
also that it contains between 6 and 7 per cent of ash.* 

Australia 

State of South Australia 

Conrong Dielriti. A variety of elaterite is found on the coast south of Ade¬ 
laide, Australia, known under the name of ‘‘rourongite.”' 

Asiatic Russia 

Province of Semiryechensk 

This deposit occurs at the mouth of the Hi River, in the neighborhood of Lake 
Balkash,* and tests as follows: 


(Tmi 7) Bpfcifir gravity, . . 0 005 

(Trtt 21fi) Holubility in carbon liisulphidA . . Very slight 

(Test 21c) Froti mineral matter. 3-5% 

(Test 37o) Arid value. .40 

(Tt*st 375) Baponiheation value. . 5ti U 

(Test 39) Haponiflable matter II I 

Uiioaponifiable matter (M 9% 


It is eharacteriied by the presence of saponifinblc matter, and in this respect differs from tb« 
foregoing. 


WURTZILITE 

This has been found in but one region,’ as follows: 

United States 

Utah 

Uinla County. This region embraces about 100 square miles in 
the neighborhood of Indian, Lake, Avintequin and Sams Canyons, trib- 

>ntt. Tran,., 1073. 

* L%nn. Trans., 4, 146, 1797. 

* Btitr., 9. 107. 1802 

* Morrison, Jlltn. itfog., B, 133, 1889; and Maguire, Aftiiss and MinmUt, 10. 398, 1900. 

* Jackson. Pharm. J., II. 763 and 785, 1872; G. C. Morris, Proe. Acad. PMlad, 131, 1877; 
Cunming. Prae. Roi/al Sac. Viet., If, 134. lOai; Boodle, Bull. Roy Hot. Gardens, Kew, 145, 1907. 

* Rokusin, Petroleum. I, 729, 1913. 

*W. P. Bloke, fn#. Mining J., 48. 542. 1889; 49, 59. 1890; also 106; Trane. Am. InM, 
Mining 8ng.g 11, 497. 1689. 
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utaries of Strawberry Creek, which in (tirn lejuls into (lie Cinia Hiver. 
The veins occur aliout 50 tnih^ soutiiwest of h'ort Diiclicsnci varying in 
length from several luindreil feet to 
al)Out 3 miles, and from 1 to 22 in. wide, 
filling vertical faults in shaly limestone. 

Altogether alxnit .30 veins have lieen 
<liscovered, closely ix'S'inbling those of 
gilsonite. Many of them split into a 
mindier of s naller bninehes, either in a 
vertical or horizontal dins'tion. 'I'lie 
largest veins occur U'twcwi the Ix.'ft.- 
lland and the Hight-fland forks of 
Indian Canyon. It has lx?en exploile<l 
under various names, including elateiitc 
(improiier u.se of this name), aegerite, 
aeonite, etc. 

A view of one of the veins is shown 
in Fig. a section through the mine, 
in Fig. .56; and the tramway for eoti- 
veying the product from the hillsid(( 
mine to the valley l)elow, in Fig. 57. 

W'urtzilite is eharacteriml by IsMiig 
si'ctile and cutting like horn or whale- 
l)one. Thin flakes arc somewhat ela.stie, , „ 

y ourlt^y ul l<«v«n C o. 

eomimrablc m a way to that of gla.ss oi- „f \\„rixilite Mine, 

mica, rather than to the yielding elasticity I'lntn County, Utnh. 

of rublier. If a shaving is lient too far 

or suddenly, it snaps off like glas.s. I'his distinguishes it from other 
.asphaltic pyrobitumens as well ns the asphaltiUai. 

Attempts were matle to find its fiwing-poinl liy heating it as high as 
8 tK)® F. in sulphur, but without having any cfTwt. 

It tests as follows; 



(Tm I) C<rfor in mM». .. .. BImIc 

(Test 4) Kr»riur<* . ... Conrbtridtl 

5) leiivin* . ... Brishl 

(Tett 6) Btr<‘nk bromi 

Eilrrmrly (hin fpimtim nro •rniiMrin»pftr«>nt. nhovtuf • 

It’d color by tranamitted light 

(Twrt 7) Specific gravity at 77* F . .I (W-l 07 

(Teat 9<i) Hanincaa. Moh’i Seale . Between 2 gttfi I 

(Teel 06) Hardnem et 77* F (pcnetroriM’ter) .0 

(Teat 0c) Hardnena. eonaietometer, 77* F. Over lAO 

(Teat 146) On beating in flanie . .Holtewa and bumf 

quieUy 
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(Tf*t 15) Kusmit'iNMiii 
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AI.HKIiTITK 

This is a ttoiioric lonn applied to a (jroup of aspliallie pyniliitiiiMenH 
similar lo the ly|H‘-siilistance which was formerly mined m Allierl Counly, 
New Brunswick, Canada, characterized by its: 

(1) Infiisiliilily; 

(2) Insohiliilily in carlion disulphide, etc.; 

(3) S|)eei(ic pravity (1.07 lo 1.10 at 77° K.); 

(4) IVreenlape of fixed carlion (2!> lo M) [ler eent); 

(5) Small iierccntage of oxygen present fle.ss than 3 [ler cent). 

It oceurs in several localities, of which the typical deposit will be 
descrilicd fiist. 

Canada 

Province of New Brunswick 

County of Albert. In 1849 a local geologist. Dr. A. Oesner, discovered 
1 sulistancc originally tenned " alliert coal,” Bulise<|uciitly renamed 
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" albertite,”* on Frederick Brook, a branch of Weldon Creek, near Albert 
Mines, 20 miles south of Moncton. Shortly after this, litigation gave rise 
to a discussion whether or not the mineral was a true coal. The courts 
decided that it was, and not until many years later was its true status 
determined. 

The principal vein has been traced approximately 2800 feet and 
varies in thickness from several inches to a maximum of 17 ft. It is 
connected with a number of smaller lateral veins which in turn break up 
into still smaller offshoots. The maximum depth reached by mining 
operations was approximately 1400 ft., and it is estimated that alto¬ 
gether 230,000 tons have Ixsen mined. The main use of the product was 
to enrich bituminous coal in the manufacture of illuminating gas, but it 
is no longer available, as the mine has l)eon inactive for many yearn. 

This occurrence takes the form of a tnie fissure vein cutting across a series of 
beds of so-called “oil shales,’' which will Iw described in greater detail later (see 
p. 162). Mention should lie made here that the surrounding shales abound in fossil 
remains of fish, which indicate that albertite and its associated shales are of animal 
origin. 

On analysis it tests as follows; 


(Test 1) Color m muM . Blerlc 

(Twit 2) Homoacupiiy . Uniform 

(TmI 4) Fructure .... CoiirlioidHl to hairkly 

(Tail ft) Iiustre . , . .... Bnglit 

(Teat 6) Streak.. .... Brown to )Hu<k 

(Teat 7) Spooifio gravity at 77* F.. , 1.075-1 091 

(Teat Ofl) Hardneae, Moh'a aralo. 3 

(Teat 96) Hardneaa, penetroiuotor, 77* F 0 

(Teat Or) Hnrcliieai, ponaiatoniftor, 77* F Creator than 150 

(Teat 14e) On hoating in flame. Intumoapeg 

(Teat 15) Fuaing-pmnt. .In:u-.il)lo. Deottmposes 

before it rr.elta 

(Teat 10) Fued earbtin .25 "50% 

(Teat 2U) Soiiihlo in oarbon tllaulphido. 2 -10% 

(Teat 216) Non-miuoral matter inaohible. . . . 85 -9S% 

(Teat 2lc) Nfineral matter. 0 1-0 2% 

(Teat 23) Soluble in 88* naphtha 0 5-^2 0% 

(Teat 24) Holubillly in pyridine (boiling).25 -35% 

I n nr rv v 

(Teat 2fl) Carbon. 83.44% 85.40% 85 53% 80 31% 87.25% 

(Teat 27) Hydrogen. 10 08 0 20 13 20 8 00 0 02 

(Teat 28) Sulphur. 0.44 Trace 1.20 Trace 

(Teat 29) Nitrogen. 3 10 0.42 2.90 I 75 

(Teat 30) Oxygen .. . 2 22 . 1.97 

Undetermined. 0 04 0.12 .... 0 10 1.21 


100 00% 100 04% 100 36% 100 24%’ 09 83% 


»C. T. Jaokaon, Proe. BoMon Sof Nat. Hist., 8 . 279; Wethcrlll, Trotu. Am. Pktl. Soe , Phtlad., 
353, 1852, ‘’Albertite,” l>r J W Dawaon, FO.H., "Acadian Gcnl." Edinburgh, p 108, 1805' 
**Albenite,” C. H, Hitchcock. Amrr J Uti. 19. pi. 2. 207, 1805: W P. Blake. TroiM. Am In»t. 
ift'ning ifna. 18, 503-82, 1889; Milner, J Mining Sof. A’ewi sScoIki, IT. 62. 1012: "Oil Shales of 
Aagrieo.’* by C. Bukerville and W. A. Hamor. J. Ind. Sng. Chtm.. 1, 507, 1900, 9, 73, 1913 , 
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ProTiace of Ron Scotia 

Pictou County. An unusual deposit oeeura immediately below the well-known 
McGregor seam at Stellarton. The approximate thirkness of the bed is given as 
5 ft., subdivided aa follows: 

(1) A layer of coal I It. 4 in. wide. 

(2) A layer of albcrtitc I ft. 10 in. wivle. 

(3) A layer of pyrobituminoua shale 1 ft. 10 in. wide. 

The’ species of allwrtite hiia lieen ex|>loite<l under the name "stellarite.” It 
seems to represent a state of transition Iielwei'ii true allx'rtite and the eannel 
coals, of which the .Scotch mineral torbanite (sc'c p, UiO) is a representative. The 
lied contains fossil animid and vegetable remains. A splinter of atellarito may lie 
easily lighted with a match and will burn with a bright, sir.oky flame, throwing off 
sparks like stars {whence its name). It was formerly usihI to enrich bituminous 
coals in the manufacture of illiimmating gas. 'I'lie layer of loal is on ordinary 
fat-ixiking coal, showing a laimnatial striictun*, and lamtaming IV2.00 [icr cent of 
fixed carlwn and 4tier mit of ash 

The .stellarite and luasoeiatcil pyrobituiiiiiious shale li'sts as follows: 




S(rllt$rile (n/lrrrfi/v) 

/'yrtrlorMmineifa tkal* 

(Test 1) 

Color in niaes 

Drown to blaek 

iiray black 

(Tm 4) 
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(Teat 6) 
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Spoeifie graMty nt 77* K 

I 07 1 10 

1 ftO 1 78 

(Teat 1ft) 

Fiisiii|c-poi-it 

Infnsihle 

Infusible 

(Teat 19) 

I'lxed CArhoii 

22 .l.'i 2.ft 23% 

8 3 -12 3% 

(Teat 21a) 

sSoluhle 111 corholi (liaulpliule 

2 O' 

Trace 

(Teat 2U) 

Mineral niadtr 

K 2 8 9%. 

ft2 0 fi2 0^ ; 

(Teat 2ft) 

Moiature 

0 2 -0 3% 

0 0- 1 O' J, 

(Teat 20) 

Carbon 

8H !<;. 


(Teat 27) 

llyflrogen 

11 r;. 


(Test 28) 

Stilphur 

or; 

0 2ft 0 74%, 

(T4*8t 29) 

Nitrogen 

0 2', 


(Teat .10) 

Oxygen 

0 ft'; 



The iiresenee of the very small iiercenlage of oxygen (0..'i p<‘r cent) differentiates 
the material from lignite and the other non-asphaltie pyrobitiimens, thus corre¬ 
sponding with the ultimate analysis of the New Krunswick allierlite. 


United States 

0tah 

(Urtla County. A vein of altiertite (ebristened “nigrite” by KIdridge, see p. 
149), 121) ft. long, showing a maximum width of 21) in., is found 8 mites from Helper, 
and 5 miles east of Soldier .Summit, having the following eliaraeteristies: 


(Te#t 4) Fractur#* . . 

(Teat 5) Luatre ... 

(Teat 6) Streak 

(Teat 7) Specific gravity at 77* F. 

(Teat 9a) Hardneaa. Moh'a scale. 

(Teat t4i>) Heatins in flame. 

(Teat 1.*)) Puaing'poiot. 

(Teat 19) Fiaod carbon . 

(Teat 2Ia) Soluble in carbon disulphide. 


Conchoidal 

Senii-dult 

Rrowniah black to Mack 

1 092-1.009 

2 

Splits gnd burns 
lolusibta 
87 -40% 

3 -0% 
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(Test 216) Non»miner»l matter insoluble . 94.20-97% 

(Test 21«r) Miners! matter . 0 2% 

(Test 23) Soluble m 8S® naphtha .Trace 

(Test 28) Sulphur. 1-0% 


Australia 

Tasmania. A species of Jilliertite tiescribed under the name of “tasmanitc" ‘ 
has lieen reiwrted near the River Mersey in the northern portion of Tasmania. 
U is found diH.seininatcd in a pyrohitiiminous shale and complies with the following 
tests: 


(Test 1) Color in mass 

(Test 2) Ilonioacncity. 

(Test 4) Frautun- 
(Test 5) Lustre 
(Test 6) Streak. 

(Test 7) .Specific itravity at 77^ F 

(Test Wo) HiirtlnesB, Moh’s scule. 

(Test i.5) Fiisma-poiut 

(Test 21o) Soluble iii carbon <lisui|)hi<le 

(Test 21f) .Mineral matter 

(Test 2tf) Carbon 

(Test 27) IhUrojteii 

(Test 2H) Siilplitir 

(Tests 2U aim) :i0) Nitrogen ami osvaen 


Black 

Uniform 

Conchoida! 

BriKht 

Yellowish brown 

1 10 

2 

Infusible 
Trace 
H 14% 

79 2 -79 3% 

7 2 - 7 4% 

3 28- 32% 

4 93% 


LtboUo 


West Africa 


A spcciea of albortite is reported at this locality under the name “lilwllite," * 


IMPSONITE 

This represents the final stnuc in the metamorphosis of asphaltites 
and asphaltic pyrobitumens. It is chaiiictcrizcd by its: 

(1) Infnsbility and insolubility in carbon disulphide; 

(2) Specific gravity (1.10 to 1.25); 

(3) High percentage of fixed carbon (.50 to 85 per cent); 

(4) Comparatively sm.all ixMcentagc of oxygen (less th.an 5 per 

cent), which differentiates it from the non-asphaltic pyro¬ 
bitumens. 

The weathered asphaltities taken from the expo.sed portions of the 
vein, where they have liecn subjected for cciittirica to the action of the 
elements, closely resemble impsonite in their physical and chemical 
properties, and may therefore Ixi classified as such. Outcrops of gra- 
hamite are especially prone to met.amorphize into impsonite, and many 
prospectore have licen misled on this account. 

»A. J. Church, PAil. Mag.iM, 465, 1864; N’ewton, Otai. Mag, I, 3.36. 1875; Stepheci Prof Rov 
5m. r«.. •. March. 1876, ' 

• Gofflcf, Comm. Dir. Trabalhot Oool., Portugal, t. 244-290; 4, 206, 189A-8. 
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The following represent the most iniixHinnt «loi)Osils;* 


I'nitkd States 


OkliliomA 

Im h'loTf Couiitii One of the liiruost deiKwits of im|wonife oerurs 2 milw ewt 
of P«ge on the Mnittiern sIojk' of illuek K()rk Mountain (S See 2t, T' It N, K 2tt K), 
filling a fisaiire eaii-aal liy a fault The vein w alHiut It) It thick, anil haa lieen 
min^ to some depth It ioni|)hes with the following tests: 


(Tc'it 1) Color III inaAs 
(Test 4) Fnietiire 
(Test 5) l.uMre 
(Teat f>) Streak 

(Tent 7) Speoifhe jtraMty at 77* F 
(Tent Hanhies'^, Moli’'* nt'ale 
(Teat HeafuiK ni flame 
(Test iri) KiiaiiiK-pf.iiif 
(Test 19) Fi»etl enrhon. 

(Test 2la) Soluble iii rnriion tli-tilpbi'le 

(Teat 21M Noit-fitim rul iitntler inst.liible 

(Test 2If) Mineral iiiatt'r 

(Teat 24) Solubility in pyridine (boilinR) 

(Test 25) Moisture 

(Test 28) Sulphur 


HUek 

liarkly 

Seim-^ull 

HUek 

1 235 

2 3 

Ihrrepitatea 
Infusible 
75 t> 81 0'“; 

4 

93 in)*;;, 

0 7 2 5% 
3 H8% 

0 I- 1 

l 00% 


Mvrrtiy r()i/f((v. Inipsonitp ha't boi'ti roportod T) miles norlheaul of Dotiftherly 
(See. T 1 S, l{ .’I K), tn a vein ahmit IS in (luck at the top ami 7 ft. at the 

liottom. Its cliaracteristica are aiinilar to the preceding 


Arkansas 

' ,SV«« ("mil ,(7 Another de|iosit of Iin|isonite oceiira in the weaterii part of 
Foiirehe Mountain, alaiiit 12 miles east of th,. Hlail Kork Moiintaui loeality m 
Oklahoma The exait locahtv is 1 mile east of liagle (lap, and 2 milea cast ol 
llarria It occurs in a region of shale and sandstone, and tests aa follows: 


(Test 1) Color in niAss 
(Test 4) Frneture 
(Test !)) laiHtre 
(Test 0) Streak 

(T<‘8t 7) Sperifie itraYity at 77® F 

(Test 9rt) Jlnrdiiess, Mob's scale 

(Test 14A) Hcatin* in flame 

(Test 1.5) Fiismu-ptxf'l 

(Test 19) Fui'd carbon 

CIVm 215) N'oti-iiiimral rmiltcr iie-olobl.- 

(Test 2lo) Soluble in carbon disulphide 

(Test 21c) Mineral matter 

(Test 28) Sulphur • • • 


niaek 

Hackly 
Hemi'dull 
ItUek 
1 25 
3 

))err< ptiiatea 
Infusible 
M) t)% 

9‘l V/„ 

Trace 
0 6% 

1.38% 


Nevada .. , . .. . 

Eureka Co,mly. A deposit is reported I.-i miles *:ulh of Palisade tn 
valley, in a vein filling a fault almut TOO ft, long and of unknown depth, lU 
physical and chemical characteristics arc similar to the preieding, 

.••Orahamil. Deposit. Found in E«..rn OUsboma.” by J, A. T.IT, Bulletin No, MO. V. 

^:^nrer~; AUimcfn"Nrbe„.«n Nsvwl.." by Koben Anderson, Buileda No. 
380, V. S, Ccol Survey, Wash,, D, C„ P 283. 1909, 





CHAPTER XII 
PYROBITUMINOUS SHALES 

Unoku this heading will he considered the oil-farming shales con¬ 
taining pyrohituincns associated with earthy niatter, which will produce 
oily or tarry distillates upon being subjected to destructive distillation. 
Oil-bearing and asphalt-bearing shales from which |)etroleum or asphalts 
may 1)C extracted with solvents are not included. 'I’he well-known 
shales in France occurring at Autun (Saonc-et-Loire) and Rruxi6re.s-les- 
Mincs (Allier) consisting of semi-li(|uid asphalt a.ssociatcd wrth shales 
shall accordingly bo excluded, although the.se have been cla.ssificd indis¬ 
criminately with the true pyrobitiiminoiis shales by other writeis. 

Pyrobiturninous shales may be sub-divided into two classes; 

(1) A.sphaltic pyrobiturninous shales, in which asphaltic pyro- 
bitumens (elaterite, wurtzilile, albertite or impsonite) are associated with 
shales. 

(2) Non-asphaltic pyrobiturninous shales in which non-asphaltic 
pyrobitumens (cannci coal, lignite or bituminous coal) arc associated 
with shales. 

Little or no attempt has been m.ade to differentiate between these two 
groups, on account of the difficulty in identifying the bituminous material 
present. This will become .apparent when it is considered that pyro- 
bitumens are substantially in.soluble in solvents and arc moreover masked 
by the associated mincrid matter, which interferes with the usual di.s- 
tinguishing tests, such as the specific gravity, lustre, stre.ak, etc. Up 
to the present time all pyrobiturninous sh.ales have Iwen referred to under 
the general tenii “ oil .shales,” which is really a misnomer. 

The following moans are suggested to difTerentiate the two clas-ses: 

(1) By the pyrobitumens found locally. 

The presence of .asphaltic bitumens in the vicinity would indicate an 
asphaltic pyrobiturninous shale. Similarly, non-asi haltic pyrobitumens 
would tend to establish the identity of the shale as non-asphaltic. If 
both types are present, the evidence is non-conclusive. 

(2) By the lussociated fos-sil i-emains. 

If vegetable (plant) fossil remains only are found associated with the 
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shale, the iiidieatioiis .are that it is tion-asphaltie, since it is definitely 
established that the non-asphaltic pyroliitnniens are of ivgrlable origin. 
On the other hand, if aninial (fish or niollii.se) fossil remains are present, 
the shale will more than likely repre.sent the asphaltic pyrobituminous 
variety. 

(3) Kffeot of heat on the solubility,— 

On heating in a closed retort to 300 to 400° C., asphaltic pyro- 
bitiiminous shales will deiwlynierizc and become more soluble in carlmn 
disulphide (see p. .57), whereas the non-!tsphultic pyrobituminous shales 
remain unaffected. 

(4) By the jwreentages of fixed carbon and oxygen (ealculatcd on 
the basis of the non-mineral matter present). These two criteria, con¬ 
sidered together, furnish the most reliable me.ans of distinguishing 
between the two classes of shale, as will be observed from the following 
figures, calculated on the basis of the non-minend constituents present: 

i I’l'f ( <‘iit I-i*fi| jVr Onf 

I CiirlHin ((’ ilnilntf.l (C'nlruliittsil on ih» 
on the Mill, rnl-fro' MinortWror Haait) 

Ihois' 

i thfttt 3 

I S W 10 

! I'l :tii i.'.-js 

I '■!■> .'ill :i IS 

I 

It will be noted that the percentage of fixed carbon calculated on the 
mineral-free basis, runs lower than in the eorresiMuiding (pure) (lyro- 
bitumens (see p. (it) and p. 133), due to the presence of the mineral 
matter, which assists in the combustion of the carlion during the test, 
decreasing the yield of "fixed carlion,” and at the same time increasing 
the percentage of volatile constituents. This is imfxirtant from a com¬ 
mercial view-point. The most valuable pyrobituminous shales arc those 
which produce the largest amount of volatile matter when subjected to 
destructive distillation. This is true with the .allicrfitic eannel coal 
(torbanitic) and lignitic shales, whereas the bituminous coal shales 
yield but little volatile matter and have no commercial importance. 
Two types of bituminous constituents are present in non-asphaltic pyro¬ 
bituminous shales, viz.: (1) macerated and cariionizcd plant remains 
similar to coal, and (2) yellow resinous bodies representing the last stage 


Purol»luminou« SholtH 
Wuniililf t 

Albcrtito jtluiIfH 

Sknl>* 

Ctinrifl t'M.kl nhaU'^ 

I IKIIltf nh-ili s 

Ihf iintinoiH rii.it slinl' « 
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in the oxidation of the woody tissue.' Elatcrite, wurtzilite and impsonite 
shales are rarely found. 

Before taking up the shales proper, we will first consider the proto¬ 
substances of the cannel-coal shales, namely the “ canncl ” or “ parrot 
coals ” (called so on account of the crackling noise taking place on com¬ 
bustion), of which “ torbanitc " and “ pyropissito " are the best known 
examples. These represent the pure bituminous constituents as they 
occur in the respective shales, and accordingly furnish a valuable in¬ 
sight into the composition of the shales themselves. (See p. 60.) 

Torhanite is now extinct, hut was mined in InrKc (juantities at Torbane Hill, 
near Bathgate in Linlithgowshire, Scotland, from IsriO to l.%2. It is also known 
under the namca *‘torbanehill mineral,” “boghead canncl coal,’’ and “bathvillite,” and 
teste as follows: 


(Twt 1) Color in mass. Brown to nearly bUck 

(Teat 2) HnmoK^ni'ity. Uniform and amorphous 

(Twt 4) Kraptiiro. Siih-ronchoidal 

(Twt 5) Luairc. null 

(Test C) 8lrf*ftk .... Yellowish 

(Te*t 7) Sprrifip gravity at 77® F .... 1 17-1 32 

(Tost 9<») I!ar<lm*»*t, Moh’n scale .... 2 

(Teat 146) Hoafing in flame Ignites, splits and burns 

(Tost Id) Fusifig-pomt Infii.iible 

19) Filed earbon ... 1.3 3%; 

average 7 65% 

Same caleuliited on n<m-inineral mutter 9 6%, 

(Toat 21d) Holiibl<‘ in earhon tliaulpliiile Slight 

(Toat 21c) .Mineral matter 12 S 23 2',' 

{Teat 23) Solubility in 88“ naphtha I,«"sh (h.an 1 5% 

(Teat 26) Carbon 78 (57 78 8(5% 

(Teat 27) Hvilrogen II 11-11 4(5% 

(To«<t 28) Sulphur 0 .'lO-O 70% 

(Teat 20) Nitrogen . 0 .'i.'i 1 37% 

(Teal 30) Oiygen . . 9 68 10 22% 


Torbanitc differs from the asphidtic pyrobitumens in its pliy.sical properties, also 
in containing a greater percentage of oxygon and because it shows distinct signs 
of having originated from plant growth. Kor many years there was much di.scus« 
sion regarding the exact status of torl>anite, and whether or not it represented a 
true coal.^ It probably reprc-siuits a state of tran.sition between vegetable matter 
and the true non-asphaltic pyrobitumens. The cannol or Ixighcad shales found in 
the Lothians (Scotland) consist of bituminous substances of the nature of tor- 
banite (termed “kerogen” by the Scottish geologists) associated with more or le-ss 
mineral matter. 

Pyropissite is a 8i)ecie8 of canncl coal, formerly mined at Weisscnfols, near Halle, 
Saxony. It contains plant remains, showing unmistakable traces of the cellular 
tissue, and tests os follows: 

(TMt 1) Color in miwB 
(Tect 2) Homogeneity. 

>H. R. J. Conacher, Otol ^fao. 4, 93, 1017. 

>WataoD Smith, J. Sof Chem Ind, IS, 398, 1009. 


Grayish brown 
Uniform 
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(Teat 4) 

Fracture . . 


S<*mi*eoneboidAl 

(Te#t 5) 

Lustre 


Earthy 

(ToBt 6) 

Ftreak 


Yelbiwislt>browa 

{Tent 7) 

Specific gratify at 77® F (dry maieriHll 


0 9 11 

(Teat 146) 

behavior on beating in Aam'^ 


.Melts easilv to a 




piteb-hke mass 

(Test 19) 

Fised carbon 


10 i5‘;. 

(Test 21fi) 

Sobibibty in rarboti dHulphnIe (when dry) 



(Test 216) 

N'on>mu>eral matter insoluble 


32 3<7. 

(Test 21f) 

Mineral nuitter 


7 7 12 1% 

(Test 25) 

Water 


Variable, up to 00* 




60% 

(Test 26) 

Carbon . 

77 0% 


(Test 27) 

Hydrogen .... 

12 


(Test 28) 

Sulphur 

0 2% 


(Test 29) 

Nitrogen 

0 :i% 


(Test 30) 

Oxygen .... 

9 9% 



Total 

100 O'"!, 


(Test 33) 

Paraffine 


P2% 


It will he ol>s(‘rvc(i that iiyropisvih* contains a ffood pro|K>rlion soluhle in car¬ 
bon (lisulphitle, ic, the so-called nionlan wax (see p 7tn, an<l may therefore 
l>o eonsiderwl a “scrni-pyrobitiimen," falliriK on the Ixmler line lK*tw<M‘n vc*netable 
matter and non-asphidtie pyrobiturneiis In the same way. the pyn>pissiti<‘ shales 
may be ehussifiod as ‘‘.semi-pyrobituminous shales ” On destructive distillation, pyro- 
pissite yields: givses H -12 |>cr cent, water S 12 jier cent, tar bt jier cent (HiM'cific 
gravity tlSbOJU) and coke 12 2b |K*r cent ' 

We will now consider the more im|x)rlaiit deiiosits of pyrobituminouB shales 
throughout the world: 

United States 

Lignitic and bituminous coal shales ^ arc found in the States of Ken¬ 
tucky (Breckenridge County), Virginia, Tennessee, north-western Colorado 
(in the neighborhood of tlie Green River), northwestern Utah, Missouri, 
Nevada (Humboldt River oi)iK)sitc KIko), Wyoming, Montana (Big 
Blackfoot River near Green Falls) and ('alifornia (Cholamc Valley north 
of Parkfield). 

The principal teds of pyrobituminous shale may te traced along a 
line from central Alabama, northeastwanl through Tennessee ami Virginia, 
and thence westward across central Ohio, paasing close to ( olumbus, 
reaching the Ohio River near Vanceburg. hrom this point, tin; shale 
makes a loop through central Kentucky, past tel)anon, extending to 
Louisville, from which it stretches in a broad belt northwestward across 


> Scbeitbaiier, "Fahrikation dcr Mincrabilc'* p 2J. ^ . 

^ Second Kept. Gcol Rt.rv. Kentucky. T. 211. 18M: **0.1 ShnW of Amenca. Baakerville and 
Himor, / Ind. rhrm, WW, 1909, "Aln<ric«D Oil Sh«l«," nwllervaip Md Usmor. Stii, 
Intern. Conn of AppI Chem . M, «3I. 1912. Day m "Mineral IleKjuree, of tIP- Unit..d Btatei. 
11. 1071, 1913. Woodruff and Day. Bull. .Wl-A. U. 8 Oeol Sure. Warh., D C, I91», I^ 
Beque, ffnj. Af.n.ni; J. •*. 773. 1915; U. 8 Comm. Bepl. 

Blaek Shalea ot the Eaalern U. B..” O II Aehley. Boll. Ml-L, U. 8, Oeol. 8ur»., Waah., D. C„ 
1917. 
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Indiana, past Indianapolis, almost reaching Chicago. They are known 
as the Chattanooga, New Albany and Ohio Shales. 

Canada ^ 

Province of How Brunswick. Pyrohituminous shales, known as “albert shales,” 
or “arcadian shales” (termed “oilite” by the local geologists) have a wide dis¬ 
tribution in Westmoreland, Ail}crt and Kings counties. On destructive distillation 
these shalra yield products similar to those derived from the distillation of aibertitc, 
and the composition of the non-mineru) matter is supjwsedly similar to the latter 
The albert shale series in places attains a thickness of about 1000 ft. and is made 
up principally of the slialcs themselves, associated with other inter-bedded sedi- 
mentaries. In color the shales may be cither gray, dark brown or black. Certjiin 
varieties, such as the so-r.allcd “curly” shales, show a massive structure and break 
with a conchoidal fracture, while others have a laminated structure and separate 
readily into thin, flexible layers. In the inassive varieties, veinlets of glossy black 
material, resembling ?dl>crtitG, are not uncommon. Foasii remains of ti.sh abound, 
especially in the laminated varieties. 

The shales found at Turtle Creek in the neighljorhood of Baltimore, A!l>ert 
County, have the following compasition: 

Muwtiiro . . 0 1 .') 4 % 

Anh . . 44 iM-.'Sa 10% 

Fiip«l rftrbon. H 211- 5 05% 

Sulphur. 1 (M I 70% 

Ultimate analyses are not available, hut there seems to !)e little (juestion that 
the non-mineral matter closely resembles alliertilc. 

Province of Nova Scotia. Asphaltic pyrohituminous shales, also kiH)\w as 
“arcadian shales," are found in Pictou and /vntigonish counties. Some of the 
shides are of the a.sphaltic and others ot tne non-juspluiltic pyrohituminous chus-s. 
Of the former the so-called “stellaritc shales” in Ihcfou (see p. 1.55) may he 
cited as an example. 'I'nie coals are also found in tins r(!gion, jusswiated with co d 
shales (lignitic and bituminous). 

Newfoundland. Black bituminous shalc-s occur on the north .side of Xotre 
Dame Bay, Cap Ilougc PeninvSular and in the ncighlH)rhood of Deer and Grand 
Lakes. Those are probably of the nature of bituminous coid. Analy.sis of one 
specimen shows it to contain: 

Fi»od carbon . 3.5% 

Aah.2a% 

Province of Quebec. Pyrohituminous shales, or alialy sandstones, occur on 
certain streams emptying into the Gaspi^ Basin, principally along the York and 
Dartmouth rivers. Thus far, these shidcs are of scientific intcre.st rather than of 
commercial importance. Unlike the shales of New Brunswick, the hituminoiLs con¬ 
stituents occur as small particles physically combined with rather fine-grained 
shaly sandstone bands. Those particles ore of a black or brown color, and show a 

»“MlnfnJofy of Nov* Scotia,*' by H. How. Canadian D<*pt. of Minoa for 190S, Bull 1072. 
p. 133: Bull. 1130, p. 200, 1000: "Joint Report of the Bituminous Oil-ahab^a of New Brunswick 
and Nova Scotia," Bulla 55 and 1107, 1010; "The Oil Shales of the Maritime Provinces," by 
R. W. Ells, J. Mining Soe. Nota Scotia, 14. 1000-10. 
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pale yellow streak, eonehoidal fraelure, ,m,l vitreous lustre. The shales eontain 
from 5U to 70 per cent of mineral matter, and yield 7 to 10 per rent fixed carbon. 
They are therefore probably of the asphaltic pvrobituiiiinous vanety 

The so^aUed “Utica .Shales” are found alonR the St. laiwrenre Kiver alt the 
way from Quebec to Montreal. Farther west the shales mav be traceil atonx the 
Ontario Peninsula along the shore of Like Ontario in the vicinity of Port Hope, 
rontimiing along the shore of Like Huron near (inirgian Bay, and particularly 
in the iicighliorliood of ( ullingwooil. These contain aliout 90 per cent of mineral 
matter, the noii'mincral constituents licing proliably of a ligneous character. 

ISllAZIb 

/ lonncf of liohui. Pyrobituminous shales of uncertain composition have been 
rc|)orted in the C'ainaimi basin.' 

,\ Is'It of pyrobituniinous shales of the lignitic and canncl coal viiricfii*s (known 
as the Kimiiieridge .Shales) stridclies from Dorsetshire acros: to l,iiicolnsliirv and 
Norfolkshire in thin .seani.s' 

b'ti ilL.I.M) 

This is the lioiiie of (lie .slmle iiidiistry. ivliieh is .still heiiig worked very 
actively. The Scotch shales (known as " Lothian ”) as at present worked 
occur in a well-<icfiticd area lying 12 niilcs west of iMlinlmigh on the south 
side of the Firth of Forth, from Ilo|)ctotin southwards for Hi miles to 
Cohticnshaw, varying in width ftom It to 8 miles. ' They occur ns a fine- 
gr.aintsl, hiownish, hiownish black to hliu’k clay shale in the Upper Calcif- 
erous Sandstone Series, having a distinctly laminated fracture, a dull 
lustre, and a sfiecific gravity at 77° F. of 1.7,5. llieh shales also occur 
on the north side of the Forth in I'ifcshirc; and in Ivdinhurghshire and 
Linlithgowshire, strata of shales arc found in the Lower Calclferous Sand¬ 
stone Series, not very rich, hut which may nevertheless pay to work some 
day. The shales are divided into two classes known as “plain” and 
" curly ” depending upon the prcdominence of the lair inated structure. 
The best varieties are distinguished by being cut into thin shavings 
with a sharp knife without breaking. These shales may lie classed as 
torbanitic, and are now mined in the following counties; 

Edinburghshire (mid Ixjihinn) PumphmUm, 0<tkbank, New Farm, Roman Camp, 
Inglefton, lAmefield, iiml CousUirul. 

• Brann^r. Trnnn Am. Inst Mtmng Bno • Wi 

* ••KimTnprid*!* Khalt*. Ita OriRtn. IIi»«tory, and IVa.” Burton Greene Ixtndon 1888: 
troleuro and Its P^od^l^t^' Boverton K<>dwof>«J, Vol I, Ut Edition, p. 14. Williaini. J. Ckim. 
Soc. 7. 97; Phil, ^fao , •. 209 

**'A Practical Trcatiae of Mineral OiU and Their Bv-producta.” by Iltyd Bedwood. Ix>ndon. 
IS97. "Oil Shaica of the bothiana.'’ Part I "OeohiRy of the Oil Hhale Fields." by H M. 
rutlell and I 8 Grant Wilson. Part II "Mcthfals *.f Workin* Oil 8bal<*s." by W. Caldwell; 
Part III "Chemistry of the Oil Shales." by D R Hteuarl. issued by the Dept, of Minet, 
Oool Survey. Scotland. 1906: TrnnA InM Vinino Rng. M. 314 K, 1902; "The Shale CMI IndtMI- 
try." D R Steuart. J Soc Chrm JnH. 11 774, 1918 
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LJnlltilgOwshire (U'cst LodiianL Broibum, Dalmemj, Bathgate, Uphall, PhHps- 
toun, Forkneuk, AfMieivett, 1/opeptun, iVesttwod, Deitns, Smfield .inti Netdi.^ton. 
Ftfesfiire. BurntiKhmii (noii' stoppeil). { In thetx counties, in (he early (lays of 


ZfOnsrksbire, Tttrbrtu and Cobbinshaiv. 
Stirifngslure. Btackripg. 

Reolrewsbire. 

AynUre. 


the industry, ciinnel coal and shales 
were mined from strata at a higher 
horizon than the Caleiferous Sand¬ 
stone Scries in the coal measures, 
but the dciKisits have since been ex¬ 
hausted. 


Germany 

Pyropiaaitie and lignitie shales arc found in Rhenish Prussia, Saxony (in the 
so-called Hallo District at Halle, VVeisscnfels, Zeitz, Ascherslelien and lOislclien), 
Hesse (Messol n(*ar Darmstadt), Bavaria and Wittenberg (Reutlmgen).’ 

Spain 

Shales of uncertain composition occur in the Honda District in the southern 
portion of Spain. 

Austria 

Lignitie shales are found in Moravia, Bohemia and in the Tyrol. 

Australia^ 

New South Wales. Here we find the coorangitic shale do.signatod locally as 
“kerosene shale,'' the non-mineral portion of which corresponds to the asjjlialtic 
pyrobitumen coorangitc (see p. l.riO), the joadja shale, the I'hissilication of which 
is questionable, and the asphaltic pyrobituniinoiis shales of the Wolgaii and Capertee 
Valleys at Miirruriiiidi, Torbane, Capertee, and Wolgaii. 

New Zealand. Here the shiUcs are re|iortcd to occur at Orepuki. 

Tasmania. 

Queensland. 

Victoria. 

From the foregoing it will Ite appiirent that the subject of “ pyro- 
bituminous shales” is tin c.xtrcincly coniplictilcd one, still retiuiring a vast 
amount of research work licforc all the (lc|X)sits can be correctly classified. 

Pyrobiturainous shales arc treated exclusively by subjecting them 
to a process of destructive distillation in suitable retorts to i-ccover the 
tarry distillate and ammonium sulphate as will be described in Chapter 
XVI. The intrinsic value of the shale is dependent Ufxm the amount of 
shale tar and ammonium sulphate obtained. It is interesting to note in 
passing that Steuart obtained a product resembling crude shale oil upon 
subjecting a mixture of lycopodium sjtorcs and clay to destructive dis¬ 
tillation. 

* "8h«Ie Ollf. aD(i Taw and ThPir Producta.*' by Dr. W. Sebeitbauer. Ivondon, 1013 

* Annual Report Col Mim Lab N Z, M, 50, 16, 56; 19, 19; SI, 10. Petrif, J TArm., 
/nd.. M, 005; Dunlop, Kept Dept Mmre. N. Z, C3, 52, 1900. "The KcroM^ne OiUnhalce o( 
Now 9outb Wale8»" J. E. Carnc, 1903; Dull. Queen Gov. Min D. December 15, 1915. 
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TARS AND PITCHES 


(’HAPTKH XIII 

GENERAL METHODS OF PRODUCING TARS 

Tak.-' ('onsliliiU' till' volulile (iilv cl^l■lllll|Kl^lllclll iiroilui'ts oliltiiiii'd in 
the pyr()('('iioiis tn'iUiiiPiit of lutiiiiiiiions niiil oiIiit (iruiiiiic piiliRtiiiicPK, 
tmii ropi'(»spiil ilistilliites of (link i iilor, lii{iiiii consislpiiry; ll;lMll^: ii i liar- 
iictonstic odor; ('Oiiijiarativi'ly volatile; of vanalile eoiiipo.silioii, soiiie- 
tiiiics luisociated with earlioiiaceoiis tiiatler, the iioii-earlioi.aceiais coii- 
stitueiits l)eiii(r largely soluble in carlion distiliihide; and whose distillate 
fraetioned betweeti SIX) and Ikot)” ('. yields eoniparatively little stilphona- 
tion residue. The pyrogenou.s treatment eniliraees three proresses, viz.' 

(1) Subjecting to heat alone without acee.ss of air, often termed 
“ destructive distillation.” 

(2) Partial combustion, which may take place either in an atmosphere 
of air and steam (in gas producers) or with a limited access of air. 

(3) C'racking oil vaixirs at high tem|H'rattires. 

Praetically all organii; substances which undergo decomposition 
tipon lieitig subjected to heat produce tars, provided they yield a sub¬ 
stantial proportion of volatile decom[)osition products, the temperature 
is sufficiently high to bring about the deconi|X)sition, and air is entirely or 
parti.ally excluded during the pyrogenoiis treatment. If the organic 
substance docs not contain volatile matter, as jiroves the etisc with 
anthracite coal or graphite, no tar will result. If air is present in too 
large a quantity, the products of decomiiosition will undergo compUU 
combustion, and the tar will tie constimed. Materials which evaporate 
(i.e. distil undecomposed) or stiblitne will remain unchanged in com¬ 
position, and products that explode are converted into permanent gases, 
without the formation of tars. 
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At the present time tars are produced comniorcially from the following 
products; 

(1) Bituminous sul«tances including peat, lignite, bituminous coal, 
petroleum and pyrobituminous shales. 

(2) From certain other organic substances including wood, and 
bones. 

In the early days of the industry, tars were also produced during the 
destructive distillation of grahamitc and albei tite (see page 221). 

The following table will give a synoptical outline of the raw materials 
used, the motles of treatment, and the kinds of tar produced: 


TAitr.io .\v 



Heat Alone 
Destructive 
Dialilltttiun'*). 

j purl nil Coinbu'Atioii 


Raw Materials UbvU. 

Air and Stesni 
(" Produeera”) 

Limited Acccsh 
of Air. 

'■(’■racking” 
of (III Vupors 

BitumvtouM tuhnlanctn: 

Petroleum Drodiiets. ... 

Peat . 

Lignite ... 

PyruliitufiiuiouH ahalea 

Bitunuuoua eoul.i 

OthtT Ori/anir MutertaU: 

Wood 
lioiiea . . 

iViit tar 

I.iKhite tar.. . 
Mhiiletar .. 
(InH-works coal 

tar 

Cokr»oveii coal 
tar 

WoimI tnr 

Itoiie (nr 

peat tur 

Lignite tur 
Shale inr 

1 Produccr-Kua 
j coal tur 

HlHBi'fiirnaee 
coal tur 

(iil-gft'' tnr 
WutiT-riiH t r 

i 


Petroleum products (e.g., " gas oils ”) upon liciiig subjected to a high 
temperature under more or less pressure in a closed retort will result in 
the formation of oil-gas tar; and when sprayed on incandescent anthracite 
coal or coke result in the production of water-gas tar (page 2,5(i). Peat, 
lignite and pyrobituminous shales result in the fomiation of peat-, lignite- 
and shale tars respectively, (1) when subjected to destructive distillation, 
or (2) upon undergoing partial combustion in an atmosphere of air and 
steam in a so-called ‘‘gas producer.” Tars resulting from these two 
processes are similar in composition and hence arc designated by the same 
name. Destructive distillation yields a larger percentage of tar than 
partial combustion in an atmosphere of air and steam. 

Bituminous coals form different kinds of tar depending upon the 
nature of the process. Thus gas-works coal tar and coke-oven coal tai 
are produced by the destructive distillation of bituminous coal in gas- 
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works retorts and coke-ovens respectively. Producer-gas coal tar is 
derived from the partial conihustion of hitmninous coal in an atmosphere 
of air and steam in a gas producer. Blast-.urnace coal tar results from 
the partial combustion of bituminous coal in a limited access of air in a 
so-called “ blast furnace.” 

Destructive distillation of wood results in the formation of wood tar, 
and of bones in the production of Ixine tar. 

In the order of their commercial imiiortance, Iwsed on the quantities 
produced annually, tars may le grouped as follows, vir.: coke-oven 
coal-tar is produced in the largest quantity, gas-works coal tar conics 
next, water-gas tar, oil-gas tar and wood tar following in seciuence. 
Insignificant quantities of producer-gas coal tar, bone tar, blast furnace 
coal tar, peat, lignite and shale tars are pioduced in the I’liiled States. 
Considerable shale-tar is produced in Scotland, also smaller quantities 
of blast-furnace coal tar. Lignite tar is produced in comparatively 
large quantities in Germany. I'lic iiroduclion of jieat and lione tar 
has not assumed great inqiortancc anywhere. 

We will now consider the various processes for |)roducing tars in 
greater detail. 


DKSTIUKTlVh: DISTILLATION 

This process is used for dcslrm'livcly distilling iiiJiiKthle organic 
substances including non-asphallic pyrobilimicns, pyrobiluminous shales, 
wood and bones. It consists in healing the substance to a high 
temperature in a .still from which air is excluded, and the distillation 
is continued until the volatile const it iieiits are driven off the re.sidue 
carlxinizes. The volatile con.sliliienis are groiijx'd into two classes, 
viz.; non-condensable and condensable product;.,' the former including 
the permanent ga.scs, and the latter the arpieous liquor and tar. 

The nature of the ingredients formed duiing the distillation dei*rds 
largely upon the nature of raw material used and the tenqieraturc at 
which it undergoes decomposition. As a rule, the older the substance 
from a geological stand-point, the higher the temperature at which it 
decomposes. At low temperatures, we find aliphatic (straight chain) 
hydrocarbons in the tar, also varying amounts of phenolic liodics, of 
toluene and naphthalene, but no benzene or anthracene. This is true 
in the case of peat, lignite, cannel coal and pyrobituminous shales. Where 
the destructive distillation takes place at a high temperature, aromatic 
hydrocarbons will predominate, including benzene and anthracene. 
This is true with bituminous coals. The aqueous liquor will show on 
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acid reaction in the case of wood and peat, and an alkaline reaction with 
lignite, coals and pyrobituminous shales. 

In general, the yield of tar depends upon five factors, viz.: the com¬ 
position of the substance, the temperature, the time of heating, the 
pressure, and upon the efficiency of the condensing system. These will 
be considered in greater detail. 

The Composition of the Substance, (a) The Percentage of Volalile ConstHn^ 
enl8. The greiUer the j>ercentugc of volatile constituents, and conversely the smaller 
the percentage of “fixed carbon,“ the larger the yield of tar. Figured on the basis 
of the dry weight of the non>minerul constituents, the yield of volatile matter 
will range as follows, commencing with the highest: wood, peat lignite, bituminous 
coal. The yields of ter follow in the same sc'qucnct*, viz.: 

Wood. . 10 -20% 

Peat. ... 

Lignite. .. 5-1(1';, 

Bituminouii coal. 'S - 7% 

(5) The Percentage of Oxygen xn the Fuel. As a general rule, the greater the 
percentage of oxygen in the fuel, the greater the yieUl of tar. (Icorge lamgo ‘ 
cites the following figures to show the relation in'tween the p(‘nciit:iges of oxygen, 
tar, and water, baik'd on the <lry wingbt of find. 


Fik'I ('oitlaiiiH 

^ i.-l.l Tnr. 

Vhl.i Water. 

For 

INt (Vn( 

F« r Cent 

Ojygcii T) O' 

:i 0 

4 .5S 

Oxygen G\ 7) . 

4 0.5 

.5 Si> 

Oxygen 71 - 0. 

OS 

(> .so 

Oxygen 0 U 

.5 4S 

K (.0 

Oxygen 11 i:i 

.■) .50 

7 .so 


The Temperature. {«) 7V<e TeinjHriitiire at u'hirh the Fuel Decomjme.t. As 
stated previously, each type of fuel has a definite temperature at v\hich distilla¬ 
tion commcnce.s. The older the fuel from a geological standpoint, the higher this 
temperature, and hence the greater yield of coke, and the smaller tlnit of tar. 
It would appear that a preliminary decomposition approaching a state of fusion 
occurs at this tem|)erature which remains fairly con.stant until the carbonization 
is complete. The cokc-forining property of bituminous coals f’cfkends upon the 
presence of (Constituents melting at a lower temi>eraturc than that at which car- 
bouiiation becomes appreciable. 

The kindling tenit)orature8 of the various fuels are: 


Dri(*d wood. 

I)ri<Hl peat. 

Dried lignite. 

Bituminous coal. 

Anthracite coal. 

Coke.. 


400® F 
4.'»o« F. 
500® F 
000® F 
7.')0® F 
1000® F. 


t'‘Coal Tar and Ammonia/’ 5th Edition. Mew York. 1016. 
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(h) The Temiieralure at uhtch the IhMlation it Performed. Thi» is diatinot 
from the preoediiiK, imd la determined liy the quantity and intenaily of the heat 
applied externally to the retort in tthieh the deatriietive diatillution takea plaee. 
It defienils iqion the nature of the heatintr niediuni, and the manner in whieh it 
i.a apiihed. The temix-rature may lie .lose to that at whieh the fuel undentoea 
distillation, or it may be vastly in exiess thereof. The hiaher the temiierature 
above that necessary to cause incipient ilecom|Kisilion, the smaller the yield of 
tar, and the liiraer that of Rius. This is strikiiialy ilhislrated by the following 
figures relating to the .siiiie coal distilled under dilleient conditions: 

Diw-teiiipcraliire carlionizalion \ iel(l ivr Ion: Hi gals, tar and 9001) cu. ft, gas. 

High-teiiiisralurc carbonizalioii' ) icid |a'r Ion. 9 gals lar and 11,000 cu ft. gas. 

With a Derbyshire shale and a Nolls caniicl coal, Ihe following yiel.ls of tar 
wer<* obtaint'il: 


l)» rK\'Itiff Slmlf, I \tiU8 Coal, 

I IVrCwit. 


I.dw tfiiipt riituri* < ! 7 ]| 

Nurnml t'nrlKiiiu iiiciii 0 IH 

iiiK^i t<’iiip<'ruliir*'(Hrixiiii/iiii'iit .*> U 

A J)crl>>?*hin‘ coni vshuh cont:unc«l. ciiriion, 7571 per cent; ImIroKcn, <127 
per cent; .sulplmr, ! 72 iht cent. inJroucn, I 72 )H*r cent; <i\VK<*n, 11.50 |>er mit; 
and ash, 2 |>cr cent, yielded llu* following laT UK) kdoKranm: 

Carhomzed at StK)*" (’ . Tar, ti i:i litres (sjMMihc gravity 1.00, containing 15 jier 
cent of fn*!* earlKui) and coke, <>1.75 kilogram.*'. 

(arlfonized at 1100'’ (' 'lar, 5 d7 litres (-jsa-ific gravity 1,207, cont4iining 30 
per cent of free earlon) and coki* 01 1<> kilogram*!. 

It wdl l>e ol>.scrvcd that a high tem|K>ratnrc rasnU^td in the formation of k 
larger fM^reentage of free carlion in the t;ir, <luc to greater deroiii|Kwition (“cracking") 
of (he distillate 

A certain hituniinous coal, when carhonized at a low tcmi>erature (4(X)-600® C.) 
prodiK'ed uiKsaturated hydroiarhori*', higher parallines and oxygenated compoundi. 
Between <>00 and 800® inetliaiu* and liNdrogen were evolveil, and at (em(>er- 

atures ul>ove 800® C. the mam product uas hydrogen. In ii lal>orutory teat, it 
was found that on paasing mixture of hydrogen nmJ methane in equal volumes 
through heated coke at a teinfierature of 800® 2 (ler (“ent of the methane wai 

deeom|>osc<l into hydrogen, and at 1100® 65 per rent wan det'ompoaed. 

Aromatic hydrra'arlion^, utam ixang Huhjeeted to a gradually increaaing tem¬ 
perature (OSO'-bOO® C), are tranaforuied as follows: 

Higher Benzene Homologucs—►Ix)wer Benzene HomoloKue«—d)iphenyl—♦Naphthalene 
“♦Anthracene. 

At temt)eraturcs alcove 800® ()., the anthracene is decomfwwd into carlwn and 
gas.* 

• /. Ind Eng Ch^m , 7. tOlO, •. Iftta, “Th^* PyroerDt-tis ni IlydronarboM/' bf 

X. £. Dufkstftii 4n<l 1' It Tbok*, J Iml. Eng. t'fcfw, SWI, 1917, 
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Th« Time of Heating, (a) Thickrtesn of the Fuel Layer. The deeper the layer 
of fuel in the retort or furnace, the greater the 8U[)erheating, and consequently 
the smaller the yield of tar and the larger that of gas. \\'hen the layer is 
deep, the volatile portions are compelled to pass through a mass of incandescent 
fuel, so that the temperature of the gases is increjtsed, due to the greater time of 
contact. This is the underlying principle in the manufacture of generator 
gas. 

It follows also that the greater the area of contact l)ctween the fuel and the 
heating surfiurc, the shorter time it will tike to raise the temperitture of the former 
the requisite degree. Simill charges of fnel may thus 1)C heated more rapidly, which 
is conducive to the formation of a greater proportion of gas and tir and a .smaller 
yield of coke. Slow heating, on the other hand, results in the production of a 
la^ proportion of (5oko, and smaller prof)ortions of gjis and tir res/)e(!tively. It 
is for this reason that comparatively small and narrow retorts are used for the 
manufacture of illuminating gas, and very much larger chamlsTs, where coid is 
treated to obtain coke. 

According to Ilarnsburg and S|)crr,' the coking action progimsos from the walls 
to the centre of the oven. The actual thicknoss of the coking zone is not much 
over J in., but the drop in tem}M*rature acrot» it is very great. It is esti* 

mated that in an oven IH in. wide, witli a wall temperature of 1000® C’., the 

average rate of advance Is \ in. per hour. As this action progre.s.ses from all si<le.s 
of the retort, it follows that the Krmdlcr its diameter, the shorter the time r('<{uir('<t to 
complete the prwess. 

(6) iS’we of the FmI. 'I'hc size of the lumi)8 of fuel li.xs an important l>Garing 

on the time of heating. If the luni|)s arc too fine, they will pack together to such 

an extent tliat insuflicient space is left l)ctwcon them for the transfer of heat by 
the giuseoiH products. On the other hand, if the lumps arc t(M) large, it will take 
an abnormally long time for the carlwnization process to rc:i< h the (cntre of each 
lump, since the heat conduction of the fuel itself is i>oor. The projicr size of the 
lumps is a question upon which idmost every gas engineer has his own particular 
views. 

(c) Construction of tiie lietort or Furnace. The thickness of the walls, the method 
of heating, the size lus well its the nature of the material of which the retort is 
constructed, all tend to influenc'c the time of heating. Small units, the u.se of 
preheated gases for .sup|)orting the combustion, thin it'tort walls lonstructisl of 
mntcrial.s which have a relatively high conductivity at elev.ateil tenqieraturcs, serve 
to decrease the time of heating. Kirc clay was formerly u.sch 1 for constructing the 
retort. Recently, however, silica ha.s l)Gcn adopted for tlie purpose on account of 
its superior strength and hcat-conductivity at high temperatures. 

For manufacturing illuminating gas cither horizontal, ini'lined, or vertical retorts 
have been used. In .horizontal retorts, since it is impractical to fill the retort 
completely with fuel, considerable overheating of the volatile constituents will take 
place, due to their greater contact with tlio highly heated upi)er surface of the 
retort between the top of the fuel and the top |)ari of the retort. In the in> 
dined and vertical varieties, this space is decreased and consequently there is 
less opportunity for overheating the products evolved during the distillation 
process. 


V. FranUin InM., Ul, 319, 1917. 
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The following figures show the jufiuence of the retort’s inclination on tJio yield: 



VcrOcttl Hi tort. 

Per Ci'iit 

ImliiitHi Hi'tort, 

Pi-r t'l-iu 

Ifontontal Retort, 
Per eVat. 

> of tar . . 

(1 

r >\ 

4 

Kn‘<* rarboii m th(* tar 

r > 

10 1 

30 

Pitch ohtftimHl from the inr 
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Upon the Pressure. 'Die gn’uter tlic pn*Ksure, the longer tin* volniile prtKl- 
urts are foree<l to rcio.iin in contact with the hot n*tort and incjunleseent fuel, 
and the greater, therefore, the carljonization. 'I'he um* of riNhiwi pressure hastens 
the removal of the volatile eonvtituenhs .and serves to increase the outputs of giui 
an<l tar, and to n'<hiec the yield of coke, At the same tune the fierioit of dis¬ 
tillation Is inerea.seil In manufacturing illuminating or fuel gas, modern practice 
coasists in carrying out the dNillation umler a rniMlerate vacuum. On the other 
hand, when the main olijeit is to ))ro<hice coke, the pressure of the gas inside 
the retort is purisindy allowed to mcrea-'e somewhat 

Upon the Efficiency of the Condensing System. As the viifsirs leave the 
retort, oven, hla-st-furnace, or producer at /»0t) to KtH) ' (', all the c'onslituents 
exi.st in the gaseous state, excepting the “fix'e carlnm” deriveil from the decom¬ 
position of the ga.scs in contact with the higlily heated walls, also particles of mineral 
matter carrietl over ine<’hanicallv. The va|M)rs are com|HW'(l of a mixture of sub- 
stanees, some congealing to solaN, others comlensing to iHiuids, and still others 
remaining as permanent ga.ses at alino-^phenc Kuuperatun' and pressure. As the 
va{x>rs cool, the solids and iKpnds s(‘paraie out, forming the tar. This m‘paration 
is generally progre.s.sive. the* higher is*ihng-|H»uit eoiistituents condensing first, fol- 
loweil by suKstaiu'cs of lower lK>ihng-p<niits, aiul finally li<|Uids lioiling slightly 
al)Ove atmospheric tein|>eratun‘. With this in view, the vajKirs may either be 
cooled slowly and the several fractions remvered separately by (he held system 
(see p. 2IU). or they may 1 k‘ eoole<l rapnllv, so that all condeiisiMo eonstituenls 
are caught togetlier in the form of “tar,” to be redistilled later into its coin|K>neiiU. 
It, is a .singular fact, that even when (he vajMirs have Ijeeii thoroughly eoolcsl, the 
tar will not .separate out eompletelv, without further treatment. Part remains 8U»- 
|K*n<!e<l in the gases as inlinilo-mally fine globules, known as a “tor fog.” 'riiis 
term is most exprc.'vsive. Mine lUs Isdiavior is very similar to that of an ordinary 
fog, alluding to the weather .Men* cmding will not eoiidensc a “(nr fog,” accord¬ 
ingly other niean.s must l>e em[>loyt*d, as will Ik* «lescril»ed later (p 18 ()) 

It is evident that the yield of (ar deisuids largely uik)ii tire eflieieney of the 
condensing system used in its recovery, of which the more important type* will 
lie considertsl in thts chapter. 
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PARTIAL COMBUSTION WITH AIR AND STEAM 

This takes place in manufacturing producer gas. Several forms of 
producers are in use, and peat (page 201), lignite (page 209), pyrobitu- 
minous shale (page 216) or bituminous coal (page 239) are variously 
employed as fuel. The reaction which ensues may be expressed as fol¬ 
lows, in which- “ C ” represents the carbonaceous matter present in the 
fonn of fuel: 

2C-|-0-m20=2C0-(-H2 

The resulting gas, known as “ pro<lueer giis,” is composed of carbon 
monoxide with a smaller proportion of hydrogen. When anthracite 
coal or coke is used as fuel, no tar results; with bituminous coal, tar is 
fonned in certain types of producere but not in others (see page 240); 
and with peat or lignite, tar is produced in all types (see page 106), on 
account of the readiness with which they volatilize at low temijeratuies, 
and the comparatively large proixntion of volatile cotistitiienls present. 
These tars correspond very closely in physical and cliendcal proix!rties 
to the ones obtaitied froiTi the corresiwiiding processes of destructive 
distillation, but with the former the yield is smaller since most of the tarry 
matter is consumed. The following iipproxirnatc percentages of tar are 
obtained in ordinary produccra designctl to produce the niaxivnim yielil 
of gas, viz.: 

Bry pi>«l. . 1-3% 

Dry lignite (puro). ... 1 

Bituminous coal. ... 3-5% 

Lignite carrying a moderate ptoiiortion of mineral matter (e.g. Messel 
lignite, p. 209) is treated in a special form of producer to obtain a small 
amount of gas and the largest possible yield of tar (4 to 14 jier c?nt). 
This is brought about by introducing a limited and carofnily regulated 
quantity of air and steam, sufficient only to support partial combu.stion. 
The same method is always followed in treating pyrobituminous shales, 
on account of the greater intrinsic value of the tar, of which 5 to 25 per 
cent is recovered. These processes approach destructive distillation 
very closely, the object lieing first to bring alxmt incipient combustion 
of the lignite or shale and the non-eondcnsable gases derived therefrom, 
thereby raising the temperature sufficiently to cause destructive distillation 
to ensue. It will thus lieeome apparent that the yield of tar depends 
largely upon the quantities of steam and air introduced. 

When peat, bituminous coal or lignite containing a large proportion 
of mineral matter is treated in a producer, it is alweys intended to produce 
the largest possible yield of gas, and the smallest proportion of tar. 
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PARTIAL COMBUSTION WITH A LIMITED ACCESS OP AIR 

This prot-css takes place in iimmiraeturiri); generator gas, also upon 
smelting ores in lilast-furnaces. No tar is pixsiueed in manufaeturing 
generator gius, hence this prcK-ess ceases to lie of interest from the hitu- 
minologist's staiuliwint. In the case of lilasi-furnaces, no tar results 
when anthracite coal or coke is use<l as fuel, hut when hituminoua coal 
is used, as is sometimes the i)ractice in I'ingland luid on the Continent 
(see piige 23S), 2 to 35 |)or cent of its weight of tar is i>rodured. The air 
is forced into the hlast-furnace from lielow, and travels upwanl through 
a comparatively thick layer of incandescent fuel. The oxygen on coming 
into contact with the fuel is first converted into carlion dioxide, which on 
rising through the incande-scent layer comhincs with more carlmn, forming 
carl)on monoxide. 'I'he heat generated volatilizes a certain amount of 
the hiluminous coal in the ui)|K>r layera from which the tarry mattcni 
cscatH* unconsumed. 

CRACKINC or OIL VAPOR.S 

In manufacturing oil-gas, crude |X'lToleum or a heavy distillate 
known as “gas-oil" is spraye<l under mom or less prcs,sure into a 
closed retort heated to ixslne.ss. This eau.s(‘s the oil to dccom|x)KO 
into a |K‘rmiinent gas and from to 10 |K‘r cent hy weight of oil-gaa 
tar (set! page 200). 3'he reactioti, known as "cracking,” ixwdts in 
the breaking down of the hydrocarlmns present in the iMdroleum or 
g.as oil into simpler substances. 

Water-gas is produced by the combustion of anthracite coal or coke 
in an atmosphere of steam (|)nge 2.')0) according to the following 
reaction: 

C-f-Il20 = C0+H2. 

The gas consists theoretically of e(|ual volumes of carl)on monoxide 
and hydrogen. It burns with a non-luminous flame, and when intended 
for illuminating purposes must be enriched or “ carburettexl.” The 
highly heated water-gas as it is generated, is accordingly mixed with a 
spray of crude petroleum or g.aa oil, then passcrl into a carburettor in 
which the oil becomes vaporized, and finally through a superheater main¬ 
tained at a temperature sufficiently high to crack the oil vapors into 
permanent gases. From 2 to 10 [x^r cent of tar is produced, based on 
the weight of the petroleum or gas-oil used. This tar is known as water- 
gas tar and is similar in its physical and chemical properties to oU- 
gas-tar (see page 262). 
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METHODS OF SEPARATING TARS 


The vapors resulting from the foregoing pyrogenic prore&ses are 
treated to remove ti»e tar and aqueous liquor by one or more of the follow¬ 
ing devices: 


(1) Condensers. 

(2) Static Scrul)bcrs. 

(3) Mechanical Scrubbei’s.. . 

(4) Deflectom. 

(5) Filtei'S. 

(6) Electrical Piccipitatoi’s... 


Mere cooling 
In contact with liquids 

In contact with solids 

In contact with an electrical discha>rge 


Each type will now ])e descril)ed separately: 

(1) Condensers. The function of a condenser is to cool the hot 
vapors by circulation in a closed system of pipes surrounded by air or 
water. The following represent the most important types: 

Hydrmdic Main. This consists of a vertical metal pipe of liberal crossnsection, 
oooled by the surnamding air. It is used in the manufacture of coal gas, oil 
gas and coke {«*« pp. 230, 2r)0). The va{>ors as 
they leave the retort arc pas-sed upward through 
the hydraulic main illustrated in Fig. .'>8, the top 
of which liends downward and dips into a clo.so<l 
troiigli partly tilled with water, which acts as a 
so d and washes the vapors as they Imld'lc throiigli. 
'riiis enables any retort being recharged or repaired, 
an<l at the same time prevents the vapors gener¬ 
ated by the other retorts from escaping into the 
.atmosphori! Mixst of the ammonia is dKsolved 
in the wat^r contained m the trough, and a large 
[iroportion of the tar comlenses out. 

Air-cnndcnmers. These are illustrated in Fig. 
50 'Phe ga-ses are circulated through vertical 
pipes .ilteriiatcly connected at the too, and lead¬ 
ing into a closed chamlier below si'pcrated 
by partitions through whhrh water is slbwly 

Fio. 58.—Hydraulic Main. allowed to circulate, which catches the tar and 
ammonia. 

lfVdcr-c<>«de«it«r.’«. In these the vapors are passed through a scries of pipes 
around which water is alloweil to circulate, as illustrated in Fig. 60. 7’he cooling 
water from one compartment is passed through the next, in such a manner that 
the vapors and water travel in opposite directions. The ammoniacai liquor ami 
the tar separate out at the liottom. In manufacturing coal gas, the vapors after 
they leave the hydraulic main, are pH.ssed through a device of this description, 
which serves to cool them to atmospheric temperature, and results in a more 
complete separation of tar, than is possible in the former. 
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(2) Static Scrubbers. Static* sirubbers are stationary contnvancei 
thiouKh which water is caused to circulate. They are classified into: 
rain, hurdle and baffle 8crul>bers. 

Hotn ScruhlHT!* ('(insist of (‘KkMHi rhnmtiers into which (he ««« iti introduced 
at the iK)ttoin and wastied %ith jets of uater inipinKinK naninsi Hcrecna which tierve 
to lireak thoiii into a fine spray, illustrated in Fijt. 01. 'I'hia represents the mnipleat 
form of stntK* scniblicr and has lieon suiierseded liy more oflicient tyiKM, due to 
the very short time of conUict lietuec'n the vafiurs and the water. They are 
excessively lante and cxiienajvc to ojicrate, and there are apt to lie “dead corners’* 
as the leases rush tlirough. 

HurdU Scrnh}Hr>s. These are Imilt in the form of a t4mcr whose heiitht is 
usually four tunes it.s diaineler, and sc'parated into compartrnenta hy |)erfuruted 




shelves carryiiiK coke (Ki|j (i2). or in the cA.se of the Zschocke scnjbl)er, wooden 
slats atackc(l in alternate directions forming ii ch»*cker work (Fig. 0.'t). 'Die func¬ 
tion of the coke or wooden slats i.s lo lin*ak up the jeta of water introduced at 
the top and secure intimate contact with the vapors which pass in at the bottom 
and out at the top of the .scnibticr. 'Hie coke scruWier ia open to (he objection 
that the interstices of the coke IxK-omc clogged with tar, and thus soon loses tU 
efficiency. 

Baffle Berubhers. 'Fhese are constnicted so the water U caused to flow from 
baffle to baffle in a zigzag direclion. whereas the vaiwrs pass upwards, as shown 
in Fig. fM. 'I'his brings tfie va|K)rs into contact with a large surface of moving 
water, and at the ssune tunc prevents the formation of dead fKM-kets as is the 
case with some of the foregoing types. 




Fio. 63.—Hurdle Scrubber Filled with 
Wooden Slats. 
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(3) Mechanical Scrubbers. In this type part of the inechamsm 
is caused to revolve, aiui thus thoroughly (oniingle tlie water with the 
vapors. They inc-lutie the following: 

Fdd Ctninfugal The “Feltl ('entnfug«l SrruWwr” as illustrated in 

Fir. 65, is composed of a numl>er of supcrihi|>oNe<l clmitiltcrs, each provitlnl with a 
plurality of gas ports (a), and a senes of inverted hollow. fniKtunis of <'ones (ft) 
mounted on a centnd vertical shaft, the outer cone having its top covered. The 
wa.shing )i<|Uor enters at the top and overflows from chamlter to rhaiiil)er, part 
l)Cing drawn off from each chaml)er. The lower edges of the ronos dip into the 
liquid, and Iwmg revolved at a high st>«‘d, carry it up along the inner surfaces, 
to lie hurled o(T tangentially m a fine spray through )M*rfor:dionK near the top 
of the outer cone A |>erforiited plate (c) inoimtiil on the shaft in the dome, 
serves to separate any h<iuid entruned with the vujiors leaving Uic washer. Thii 



type is very effu’ient and econoimcul, an<l forms the basis of the Feld system for 
fractioning coal tar fSec p 2111} 

HmdwQ ('entnfugal Scrubtter. The ltea<Jing centrifugal scrublier, illustrated in 
Fig. 60, consists of two connecting compartments (A and li) si>parated by a dwe 
(C). Kach compartment carries a set of rapi<ily revolving blades mounted on a 
horizontal shaft. Water is intro<lu<*ed through the easing at the Igittom an<l churned 
into a spray. 'I'he va|X)rs are thrown against the casing wall by centrifugal force, 
and any particles of tar or dust retained by the liquid After the vapors are 
treateii in chamber (A) they flow through an opening near the centre of the disc 
into chaml)er (B), where they are treated in a similar manner, whereupon the 
cleansed vapors are drawn off through an aperture surrounding the shaft. 

Thieaen Centrifugal .S'rruftftcr. I'his consists of a rapidly revolving cylindrical 
drum, carrying on its periphery an oblique spiral vane, almost touching the sor- 
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rounding caning lined with wire netting, which serves to retain water in its meshes 
by capillarity. This washer is illustrated in Fig. 07. The vapors enter, at (a) 
and are drawn through the spiral channel (t) where they commingle with water 
sprayed through the tangential oi>enings (c). The vapors pasj jut through the 
pipe (d), and the cleaning liquid at (e). The vapors are rapidly and thoroughly 
washed with comparatively little expenditure of power. 

Schwan-Bayer IHtsinUqratm. This is com|X)scd of a scries of blades or vanes 
fastened concentrically to a cylindrical frame-work and revolving alternately in 
opposite directions (Fig. 68). The washing water, entering at (A), is broken up 
into a fine mist by the rapidly revolving vanes, and finally pa-sscs out at (B). 
The vapors are introduced at the circumference (C), being drawn off at the centre 
of the casing through (DD). 

(4) Deflectors. No water is employed in thi.s type of apparatus, 
which is generally used to supplement the scrublxirs, and remove the 




Flo. 67.—Thiescu Centrifugal Scrubber. 


last traces of tar from the vapois. 'I'liey operate on the principle that when 
a rapidly moving stream of vapor impinges against an obstruction, which 
changes the direction of flow, the sus|M'nded tar is caused to eondensc. ' 

P. (t A. Tar Extractor This constitutes one of the Imst known deflectors. It 
is popularly called the “P. & A. Type,” after the inventors, Measrs. I’elouzc 
and Audouin, and is diustrated in Fig. 69. The vapors are caused to flow through 
narrow apertures in a series of [icrforatol metal cylinders mounted concentrieally 
80 that the apertures in one cylinder full opjxisitc the solid ixirtions of the adja¬ 
cent cylinders. The vapors are thus caused to assume a zig-zag travel, and their 
direction changed many times. This causes the tar to precipitate out, and collect 
at the bottom of the extractor, where it is drawn off. By the chain and weights, 
the cylinders rise or fail in the liquid, exposing a greater or lesser surface as the 
volume of vapors increases or decreases. 

Centrifugal Deflector. This is illustrated in Fig. 70, and consists of two com¬ 
partments (1) and (2), connected by the orifice (3). The vapors enter at (4) 
and their velocity forces them tangentially against the inner surface of compart¬ 
ment (1), imparting a whirling motion to the current. When the vapors enter 




















180 


ASPHALTS AND ALLIED SUBSTANCES 


compartment ( 2 ) they are caused to whirl in the opposite direction and leave 
at ( 6 ). The rapid change in motion coupled with centrifugal force causes the tar 
to separate and flow into the sumps (7) and ( 8 ). 

(5) Filters. Smith Tar Extractor. This repr&scnts the most successful 
type of filter, and is illustrated in Fig. 71. The pump (B) forces the vapors 
through a porous diaphragm (E), alxrut } in. thick composed of spun 
glass-wool, supported between two metal screens. No tar is retained in 
the diaphragm, but in passing through, the fog coalesces into laiger 

globules which on account of their 
greater size and weight can no longer be 
carried forward by the gas current, and 
accordingly settle out into a sump (G), 
whence it is drawn off from time to 
time. This extractor operates to best 
advantage on tars containing little to 
no fiee carton. The temperature should 
be sufficient to maintain the tar in a 
liquid condition, and the pressure main¬ 
tained at 25 to 4 lbs. Since no water 
is employed, the separated tar contains 
less than 1 per cent, which is a decided 
advantage, and in addition practically 
every vestige of tar is removed from 
the vapors. 

Hoppers hr D,xh(,rgt (0) Electrlcal Prccipitators. Cottrell 

Fro. 72.-Cottrell Electrical ^his consists in subjecting the 

Precipitator. vapors to a “ silent ” or “ glow ” uni¬ 

directional electrical discharge of from 
15,000 to 50,000 volts, in the type of apparatus illustrated in Fig. 72. 
This method has also been described by Steers and others.* The elec¬ 
trical current effectively breaks up tar fogs, but up to the present time 
the method has only been used in a limited way. 

METHODS OF DEHYDRATING TARS 

The tar separated from most of the foregoing processes carries more 
or less water, derived from the liquor normally associated with the tar 
vapors, as welt as any water introduced in the condensers, static and 
mechanical scrubbers, for cooling or cleansing purposes. When a large 

>J. Sx. CItrm. M., M, II4S, 1914. 
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amount of pxtranoous water is mixed with the tar, most of it is first allowed 
to settle out by Rravily descril>ed in methotls (1) and (2) Mow. 

The following devices are u.sed for dehydrating tars: 

(1) Settling Tanks. The oldest method consists in storing the tar 
in large metal or masonry tanks for the double purimse of keeping a 
sufficient supply of tar on hand to enable the works to operate conlimi- 
ously, and also to allow as much as |X)ssible of the entrained aqueous 
li<luor to separate out. The liquor l)eing of a lower density than the tar, 
ri.ses to the surface, whence it is ilrawti off through a scries of small outlet 
cocks on the side. If the tar is sufficiently fluid, a prolonged standing 
will allow much of the a(|UP0U8 liquid to separate at oixiinarj’ teniiiemtures. 
On the other hand if the tar is viscous, the process can be facilitated 
by maintaining the tar at a moderate tem|)erature by means of steam 
coils at the bottom of the tank. The latter are of siwial importance 
in winter time, when the tar is very apt to decrease in fluidity. (Ins- 
works tars treated in this manner still carry l)etween 4 and 10 per cent 
of water, coke-oven tars Iwtween 3 ami 0 ix“r cent and water-gas tars 
up to 40 [XT cent. 

(2) Baffle-plate Separator. This apparatus is iised for the continuous 

separation of tar from the larg(‘ (luantity of Wiishing water introiiueed 
in the eondethsers, static and 
mechanical scrubbers (mctluxls 
(2) and (3). (pp. I7.a, 77).) The 
separator is illnstrat<‘d diagram- 
matically in I'ig. 73. I'lie bailie 
plates (d) run from the top down 
to within a f(x)l of the bottom 
and alternating with thc.se are 
<lams (/f) extending from within 
4 in. of the lx)ttom to within 4 
in. of the water line. The path Fio. 73.—Haffle-Plat« Tsr Separator. 

of the water and tar is utalpr 

the baffle plates and over the darns, thus giving the latter an opportunity 
to settle out, and incidentally fonn a seal for the dams. The speed of flow 
is regulated so that the effluent is practically clear water, the tar Ireing 
drawn off automat irailly through a syphon when it reaches the proper level. 

(3) Heating Quietly under Ih'egsure. Refractory tars can very 
often be dehydrated by heating under pressure in a closed boiler. As 
the temperature rises, the fluidity of the tar increases, enabling it to 
settle out more or less readily. The process is intermittent, and is not 
universally apphcable. 
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(4) ^tOD Proceu. This is a continuous process in which the tar 
is heated to 170 to 180° C. at a pressure of about 30 lbs. per square inch. 
The temperature of the tar is regulated by the speed with which it is 
pumped through a coil in a furnace heated by coke. It is then released 
into a vapor-chamber at atmospheric pressure, whereupon the water 
and the light oils speedily evaporate, since they are maintained at a 
temperature considerably higher than their boiling-points. This is 
accompanied by copious frothing in consequence of the fact that each 
volume of water at its boiling-point (100° C.) becomes converted into 
1640 volumes of steam. The resulting vapors are condensed to recover 
the light oils. The dehydrated tar is passed through an economizer 
which utilizes the heat in preheating the crude tar.' 

(5) Heating a Thin Stream under Vacuum. This is also a con¬ 
tinuous process and one of the most successful ones for dehydrating tars. 
The crude tar is allowed to flow to a thin stream over steam coils or heated 
baffle-plates in a closed vessel maintained under a moderate vacuum. 
The tar is allowed to run into the vessel, and then removed by a pump 
which at the same time maintains the vacuum. The vapors are con¬ 
densed to recover the light oil. An apparatus of this kind will treat about 
50,000 gallons of tar in 24 hours reducing the water to less than 0.5 per 
cent.* 

(6) Centrifugal Method. This method is also continuous, and has 
been used with more or less success abroad. The tar is first heated to a 

temperature of 40 to 50° C. and run 
into the rapidly revolving drum of a 
centrifugal separater, illustrated in 
Fig. 74. The tar being heavier than 
the water is forced to the periphery, 
the water forming a cylindrical layer 
inside. An annular diaphragm (A) 
attached to the upper part of the 
centrifugal has a ring of perforations 
where it comes in contact with the 
drum at (B). The crude tar is intro¬ 
duced through the pipe (C) below the 
diaphragm. The speed with which 
the drum revolves causes the tar to flow through the perforations into 
the upper portion of the centrifugal, where it is removed through the 

>0. H. W«bb, tm. Ntm, M. lOS. 1(12; J. Ou UgUing, 124, SOS. 1913: 0<u World, N. 
S9S, 1912; E. V. Chuitxn, Am. 0(u Litht J., IM, 389, 1916: A. E. Motuun, Goo J., 12T. 
424. UlT. 

<&. P. PmaTs Stb IntWB. Cong. Ai^ed Ckem.. 10. 243. 1913. 
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pipe (D). The water is drawn off through (E) below the diaphragm, 
which bars its passage into the upper section. This method is 
particularly suited for treating tars having approxiinately the same 
specific gravity as water, as for example water-gas tar. The centrifugal 
is revolved at a speed between 2000 and 3000 revolutions per minute. 
Tars containing between 30 and 90 per cent of water will have the 
percentage reduced to less than 1 per cent in one treatment. A large 
portion of the free carbon contained in the tars is also removed, and 
affixes itself to the inner walls of the drum from which it n;uat Ins semped 
occasionally.' 

(7) Electrical Method. This method has only been worked out ex¬ 
perimentally, and consists in passing the tar Ix5tween eler'lrodes charged 
with a high potential current. This caiiwv the particles of water to 
coalesce, so that they will separate out readily on subjecting the tar to a 
temperature of 80° (’.* 

(8) Feld System of Fractional Cooling. This process also results in 
the pro<luctiun of dchydrateil products. The method will be described 
in detail on page 24i). 

> Sm. Cat LvU J . IM. 340. lOI.’, 

UI S Pam 1.110.300. Nuv 3. 1014. I.I43.7S0. 1.142,700, and 1,143,701 ol Juiw 8, lOlS, 
all to R K I-aird and J H K8n<>y 
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WOOD TAS, WOOD-TAR PITCH AND ROSIN PITCH 

WOOD TAR AND WOOD-TAR PITCH 

This chapter will deal with the treatment of wood, either by destruc¬ 
tive distillation, or by a combination of steam and destructive distillation.' 
The treatment of resinous woods by the steam distillation process alone, 
for the recovery of turpentine and other oils, does not fall within the 
scope of the present treatise. 

Varities of Wood Used. From the standpoint of destructive distilla¬ 
tion, woods may be divided into two classes, viz.; 

Hard Woods, including the maple, birch, beech, oak, poplar, elm, 
willow, aspen, alder, ash, hickory, chestnut and eucalyptus. 

Itesinons or Sofl Woods, including the pine, fir, cedar, cypress, spruce, 
hemlock, larch or tamarack. 

The trees from which hard woods arc obtained are known as “ broad¬ 
leaved " or “ deciduous trees,” and those pi-oducing resinous- or soft¬ 
woods are termed “ coniferous trees ” or “ evergreens.” Soft wcxmIs 
arc distinguished from hard woods principally in that the former contain 
larger quantities of tui'iientine and resin. The distillation of hard wood 
aims at the recovery of wood alcohol, acetates, tar and charcoal, whereas 
the distillation of resinous wood (.soft wood) is directed to the recovery of 
turpimtine, wood oils, tar and ch.arcoal. 

In the wood-distilling industry the basis of measurement is a cord, 
which is taken to equal 90 cu. ft. of the closely stacked wood containing 
15 per cent of moisture. The weight of a cord varies with different kinds 
of wood, from about 1700 lbs. in the case of white pine and poplar, to 
about 4000 lbs. in the case of oak. 

‘■'Chfmical Methods of Utiliwng Wood,” by F. P Witch, Circular 36, U. S Dept. Arc, 
Rtireau of Chem , Wash., D C, Aug 20, 1007; "Wood I’acd for Distillation in 1906,” Forest 
Service Circular No. 121, U S Dept. Agr, Wash, D. C , Dec. 0, 1007; "Wood Distillation,” 
by W. C Gw, Fomt Service Circular No. 14, U S. Dept. Agr, Wash, D C, Nov lOOi, 
"Wood Turpentine, Its Production, Itefining, Properties and Uses,” Circular No 144, U S Dept 
Agr, Bureau of Chemistry, Wash, 1) C. 1912: "Yields from the Destructive Distillation of 
Certain Hardwoods,” by Hanley and Palmer, Bull No 129, U S Dept Agr. Wash, I) C, 
Sept. 10, 1914; “Yields from the Destructive Distillation of Certain Hardwoods,” by R C Palmer, 
Bull. No. 608, U. 8. Dept Agr, W'ash , D. C, March 6, 1917: "The Distillaljon of Wood,” by J 
C. Lawrence, 7. Soe. Ckeft. Ind , 6T., 97, 1918, "The Influence of Moisture on the Yield of Products 
la the Destructive DietUlation of Hardwood," by R. C. Palmer and H. Cloukey, J. Ind. Chem, 10, 
263, 1918. 
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For pur|)oses of destructive distillation, the wood should Ih? ns dry 
as po8sil)le, as during the pixx'ess all the inoistine must Ik* evn[X)ratetl 
liefore the wood decom|)oses. The smaller the |)er('entage of moisture 
contained in the wood, the more rapid the distillation process and the 
smaller the (juantity of fuel re<iuire(i. It is advisable therefoiv, to cut 
and stack the green wood containing 20 to 50 i>er cent of moisture from 
0 months to 2 years, during which the moisture content wdl fall to lietwcen 
12 ami 25 ix>r cent. 

Yields of Distillation. 'I’hc following figures will give a general idea 
of the average yields upon distilling a cord of the res|)ective classes of 
wotkI. 
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Hard-Wood Distillation. The following figures .show the yields of liir 
and charcoal from the various hard wixids in iMTcentagc, basis! on the 
dry weight of the material.' 
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In the Fnited States, the principal centres for hard wood ilistillation 
are in the Stiites of Pennsylvania, New York and Michigan. .Soft wimkI 
distillation is carrieil on largely in the States of I'lorida, tlcorgia. North 
and .South Carolina and Alabama. 

The crude products of the distillation of hard wood may lie groutied 


into four chiasi-.s, viz.: 

(1) Non-cond<*n»ai>le gvm . 20- 30% 

(2) A<|U(*outi (crmle pyrolifcaoua arid) . 30 r,lt% 

i3) Turp<*nttn«*, woful oil-«, and woo»l tar iV 20% 

(4) Charcoal 20 4.')'/, 


iScv almr Table 5. p 7, Dull dOK. V 8 bept Afncullure. Waab . b C. March ti, 1917. 
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When hard wood is heated in a retort, water passes off below ISO** C. 
after which decomposition sets in. With soft (resinous) wood, tur¬ 
pentine and water commence to distil between 90 and 1(X)° C. and con¬ 
tinue to 150° C., whereupon products of destructive distillation pass over. 
The distillation process is practically complete at 430° t'. In the case of 
hard wood, the first series of products which p.ass over (between 150 to 
280° C.) include acetic acid, methyl alcohol and wood creosote; the 
second series (280 to 3.50° C.) consist of non-condensable gases (about 
63 per cent of carbon dioxide, 38 per cent of carlwn monoxide, 6 per cent 

of methane, 3 per cent of nitrogen, 
etc.); the third scries (350 to 
400° C.) are com|)Oscd of solid 
hydrocarlxins and their deriva¬ 
tives. The yields of methyl alco¬ 
hol and aitctic acid incrc.ase with a 
ri.so of temiicrature up to 300° C. 
beyond which they decrease, and 
moreover the recovery is greater 
when the wockI is heated slowly, 
than when the distillation is forced 
In distilling hard woods large 
rectangular iro.i retorts are used, 
meiusuring ti ft. in width, 7 ft. 
high and either 27 or 51) ft. long, depending upon whether they an' 
intended to hold 2 or 4 carloads. The retorts are set in brick work, 
and provided with large air-tight iron dooi'S at the ends. The wood is 
loaded on small iron cars holding lx!tween 1 and 3 cords each (Fig. 75) 
which arc run on tracks directly into the retorts. 

The arrangement of a moderti wood-distilling plant is shonn in Fig. 
76; where .4 represents a car; /<, the retort; first eooler; 1), 
second cooler; K, the acetate drying lloor; o, condensers; 5, liquor 
trough; c, gas main to Imilei-s; i, fuel conveyor; m, fire-place; ii, ash 
pit; 0 , hinged spout to deliver fuel from / to vi. .After the retort 
is charged, the doors are closed and heat ai)plied slowly, either by 
burning the non-condensable gases n’sulting from the distillation 
process, or by atomizing the tar underneath the retort with a jet of 
steam. Unless the gases are stored in a gas-holder, the process is 
is started by burning a small amount of wood on an auxiliary grate 
beneath the retort. 

The vapors from the retort is passed through eondensers, where the 
pyroligneous aeid, alcohol and other condensable constituents arc recov- 


Fio. 76.—Iron Cara tiaed in the Distillntion 
of Hunlwood. 
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cfMl. These lire conveyed to large settling tanks, and allowed to rest 
quietly until the tar settles out. 

1 he distillation priaess eontinues from 20 to .'10 hours whereupon 
the liri-s an' extinguished anil the retorl allowed to eiMil. The small 




iron ears now carrying ehareoal are ipiiekly run from the retort into 
large iron coolers, similar in size and sha|«‘ to the retort itself, and the 
doors arc elo.sed to prevent access of air. 

The general arrangement of a refining [ilant is shown in Fig. 77, 
where A 1-2 rcprcsenis the raw liquor vats, B 1-6 represent the raw 
liquor settling tanks, C 1 the tar still, f' 2-.d the raw liquor still, D 1-2 
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the neutralizing vat, E 1-3 the lime-lee stills, E 1-3 the alcohol stills, G 
the weak alcohol storage tank and H the strong alcohol storage tank. 
Table XVI shows a diagrammatic outline of the products obtained upon 
distilling hard wood, and refining its distillates. 
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After the pyroligneous acid and tar have been separated l»y settling, 
the crude products arc distilled indeijcnciciitly to recover any pyroligne¬ 
ous acid from the crude tar, and conversely, any tar retuned by the 
crude pyroligneous acid (dissolved in the alcohol and acetone present). 
The dehydrated tor, known jis “ boiled tar ” or “ retort tar,” amounting 
to between 3 and 10 per cent of the weight of the wood, may be utilized 
in one of the following ways: 

(1) It may be sold as such, and used for preserving wood. 

(2) It may l)e burned under the retorts as fuel. 

(3) It may be subjected to fractional distillation to recover the 
light oils boiling below 150° C., heavy oils boiling Iretween 160 and 240° 
C., and the residual pitch constituting between 50 and 65 per cent by 
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weif(ht of the tar. The linlit oils arc used iis solvents in nianufaeturing 
vainish, and the heavy oils after further lelining are marketed as eoniiner- 
cial wootl creosote which finds a sphere of usefulness ns a disinfectant, 
preservative,-and flotation oil (p, 45.')). 

The eoinbined liquors eonluiuinR acetic acid, methyl alcohol, and acetone are 
neutralized with lime, and re-distillcd in the " lime-lee stdl.” In this manner, 
the alcohol, acetone and kelonea pass over, whereas the acetic arid remaina in 
the still comliineil with the lime (calcium acetate) and lontaniiiiated with a small 
pro|H)rtion of tarry matter The residue containing from tW to 7 !> [ler cent of 
pure acetate of lime is known commorciully as "l.rown aiaUate of lime." The 
distillate U fractioned in a column still to separate the laire wood alcohol and 
acetone from the water and other im|icirities present (ketones, etc ). 

Urown acetate of lime is first roasUsI at tiSO" C to decomixcse any tarry matters 
It may then lie distilled with siil|ihiiric acid to prcKliiio commercial aca'lic acid, 
which i.s recovered as distillate; or it may lie converted into aluminium, chmnilutii, 
copiwr, lead or sodium acetate; or it may othencise le iIisIiIIchI ulotie in iin iron 
n'tort, whereiqion acetone is first olitained, and followed at -UK)® C Icy the "ace¬ 
tone oils” (light acetone oil Imils lietweeii ".fi iincl l.'Mt“ , and heavy aesUone 
oil lietwcen tHO and 2M° O ). 

Soft (Resinous) Wood Distillation. In Ireuling soft wtxxl (resinous 
wochI) :i clilTerenI met heal is 
followed. Iron or steel retcrls 
vitrying in eapaeily from one to 
four cords are used, eon.stmeted 
either vertically or horizoiilally, 
as shown in I'ig. 78. laiw-pressure 
su|X‘rheatt'cl steam, or saturated 
steam undc-r high pre.s.sure is m- 
IriKlucc'd into the retort to re¬ 
move the turpentine,and then the 

volatile oils (known as “ heavy ys.-Rctorts for Distilling Soft Wood, 

oils”), leaving a residue' of coke 

lichind. Three classes of resinous wtxxl are used for the i)ur|X)He: 

(1) "Light woexi ” cotitaining c-oniparatively large (luanlitics of 
turpentine. 

(2) " Stumps ” which also contain more or less turpentine. 

(3) Saw-mill waste which is rather poor in turpentine. 

The wood is first " hogged," or in other words cut into chips before 
it is introduced into the retort. The temperature is niised gradually 
to 200° C. ,18 the steam pas-ses through the retort. Water and crude 
turpentine distil over first and are separated by settling. As the tempera- 
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ture rises above 200 to 220° C. the woo<l commences to decompose into 
tarry substances, and at about 250° C. the resins present break up into 
“ rosin spirits ” and '* rosin oils.” Both the crude turpentine and the 
heavy oils are redistilled separately, the former producing purified wood 
turpentine and the latter pine oil, rosin oil and pitch. Rosin spirits 
boils between 80 and 200° C., pine oil between 190 and 240° C., and 
rosin oil between 225 and 400° C. 

In some cases the light wood is subjected to a process of destructive 
distillation without using steam. The temperature is raised slowly and 
the distillate under 200° C. caught separately to avoid contamination 
with tarry matters. After the temperature rises above 200° C., the 
process follows the same course as for hard-wood distillation. The 
distillate under 200° C. is fractioned into light and heavy oils respectively. 
The light oil ij in turn redistilled to recover the rosin spirits, wood tur¬ 
pentine and a part of the pine oil. The heavy oil is similarly redistilled 
to separate the pine oil, rosin oil and a part of the pitch. The crude 
tar obtained alwve 200° C. is distilled to recover any acetic acid, and 
the residue cither marketed as “ pine tar ” or distilled to .separate the light 
and heavy oils from the pine-tar pitch obtained as residue. This process 
is illustrated diagrammatically in I'able XVTI. 



Pine tar is also marketed under the name “ Stockholm tar,” and 
contains a certain proportion of rosin. 

Wood Tars. The bituminous products derived from the destructive 
distillation of wood are designated commercially as hard-wood tar, 
pine tar, hard-wood-tar pitch ami pine-tar pitch. 

The physical and chemical characteristics of the tars and correspond¬ 
ing pitches vary, depending upon the kind of wood used, as well as the 
exact method of treatment, The following figures will give a general 
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idea of the characteristics of the dehydrated hard-wood tar and pine tar 
ordinarily encountered in the American market: 




//ur<f-u'Ooci Tor 

/*i»r liir (from 




/frttndw* IFmafa) 

(T«t 1) 

Color in mass .. . 

mark 

Hrownish 

(Test 7) 

Spcrific graMty at 77® F 

1 10 1 20 

1 05 1 10 

(Teet 8) 

N’iseoaitj’ 

Fairly liquid 

ViacouB 

(Tost 9) 

Consislonry at 77® F. 

I.Kpiid 

lA«)Uld 

(Tost 13) 

Odor on heating 

Characicrwtic 

('hnraeterialic 

(Tost 15) 

PuBing-point 

Bilow 20® F. 

Below 50® F. 

(Test 10) 

Volatile matter at 5U0® F, 4 hrs 

. 35-00‘^f 

40 76%. 

(Tost 17a) 

Flaah'point 

5(>-75® F 

00- W»® F. 

(Tost 19) 

Fixed carbon 

5-20 

5 15%. 

(Test 21a) 

Solubility in eariion disulphide 

95- 100% 

08-100%, 

(Test 216) 

Non-nuneral matter iiiBoluble 

0-5% 

0-2%, 

(Teat 21f) 

Minein) matter 

0-1%. 

0-1% 

(Test 22) 

Carbenea 

0-2%, 

0 2%. 

(Test 23) 

Solubility m 88® naphtha 

50 90 

fi5-95%n 

(Test 24) 

Solubility in absolute alcohol 

.Mniost complete 

Almost eomplcte 


Solubility in glacial acetic acul 

-Mniost complete 

Almost complete 


Solubility in acetic anhvdnde 

Almost complete 

Almost complete 

(Teat 28) 

Sulphur 

(I 0'; 

0 0%. 

(Te.at 30) 

Oxygen 

2 10% 

5 107o 

(Teat 32) 

Nuphthiiicnc . 

None 

None 

(Tost 33) 

Paraffine 

None 

None 

(Test 35) 

Siilphonation residue 

Trace to 5% 

Trace to .5% 

(Test 37) 

Saponifiable consiituenls 

5 25<'; 

10 50% 

(Tosi 37rt) 

Resin nods 

1 p to 1.5% 

l-p to 30% 

(Tost 41) 

Diazo real tion 

5 «• 

Yee 

(Tost 421 

.Anthrarpiinonc reaction 

No 

No 

(Test 43) 

1 lebermatm-Storcli reaction 

5 ea 

Vea 


According to Holde,' on stinking wood tar witli water, the aqneoin extract 
will react acid (due to the acetic acid present), and ii|K>n adding a few drop* of 
ferric chloride, will at first form a green and then a hrownish-green coloration. 
On subiecting wood tar to distillation, the first isirlion pa.ssing over shows a sep¬ 
aration of water whieh will react acid- On continuing the distillation, oily niattera 
are obtained diasolving readily in alcohol, and which on treatment with concen¬ 
trated sulphuric acid liecome converted into watiT-.solublc substances. I ine tar 
has a high acid value, since it often contain.s as much as .10 |x*r cent by weight 
of resin acids. 

Wood-tar Pitches.— Hard-wood-tar pitch and pine-tar pitch vary in 
their physical properties, depending upon the following circumstances. 

(1) The variety of wood used. 

(2) The method by which the wood is tlistilled, including the tem¬ 
perature, its duration, the kind of retort, etc. 

(3) The extent to which the tar is distilled in producing the pitch. 
The further it is distilled, the harder the pitch and the higher its fusing- 
point. 

They comply with the following characteristics. 

fl'ntcrauchun* der Ki)lilcn«i«OT.I«ffSlc uod Fettc," p. 2M. Birlin. 191J. 
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(Twt 1) 

Color in mass. 

Hordwood’lar 

P\Uk 

.. Black 

Ptne-for Pitch 
(/rest Rennotts 
Wood) ■ 

Brownish black 

(Tert 2) 

Homogeneity. 

.. Uniform 

Uniform 

(Test 4) 

Fracture.. 

.. Conchoidal 

Conchoidal 

(Test 5) 

Lustre. 

. Bright to dull 

Bright to dull 

iTnt 0) 

Streak. 

Brown to black 

Brown 

(Test 7) 

Specific gravity at 77* F. 

. 1.2(1-1 30 

1.10-1.15 

(Test 9c) 

Consistency at 77* F. 

.. 10-100 

10-100 

(Test Od) 

Susceptibility factor 

. >100 

>100 

(Test 10) 

Ductility. 

.. Variable 

Variable 

(Test 13) 

Odor on heating. 

Characteristle 

Cfaaracteristie 

(Test 15a) 

Fusing-point (K. and S. method)... 

.. 100-200' F. 

100-200®F. 

(Test 16) 

Volatile matter. 

Variable 


(Test 19) 

Fixed carbon. .... 

.. 1.5-36% 

10-25% 

(Tnt 2la) 

Soluble in carbon disulphide. 

. 30-96% 

40-95% 

(Test 215) 

Non-mineral matter insoluble. 

.. 5-70% 

2-60% 

(Test 21c) 

Mineral matter. 

0-1% 

0-1% 

(Test 22) 

Carbenes. 

2-10% 

0-5% 

(Test 23) 

Solubility in 88* naphlha 

.. 15-60% 

26-80% 

(Test 28) 

Sulphur. 

.. 0% 

0% 

(Test 30) 

Oxygen in non-minerul matt r. 

.. 1-5% 

2-8% 

(Test 32) 

Naphthalene. 

.. None 


(Test 33) 

Paraffine.. 

None 


(Test 35) 

Sulphonation residue . 

.. 0-f% 

0-3% 

(Test 37) 

Saponifiable constituents. 

5-2.5% 

10-40% 

(Test 37c) 

Resin acids. 

rp to 20% 


(Test 41) 

Diaso reaction. 

.. Yes 

Yes 

(Test 42) 

Anthraquinoi.e reaction. 

.. No 

No 

(Test 43) 

Liebermann-Storch reaction . ... 

.. Yes 

Yes 


A representative sample of harclwood-tar pitch tested by the author 
showed; 


(Twi BardneM at 119* F. 39 

Hardness at 77* F.53 I 

Hardnew at 32* F.Greater tbaa ISO 

(Teat 9d) Suaceptibility fatlor. . .Grealer than 100 

(Teat 1W>) Ductility at 115* F.... .41 

Ductility at 77* P... 

Ductility at 32* P..' 0 

(Test H) Tensile strength at 115* F. 0,3 

Tensile strength at 77* F . 2 1 

Tensile strength at 32® F.12 0 

(Test lAa) Fusing'-point (K. and S. method). 123* p. 

(Test 31a) Soluble in carbon disulphide .... ... ... 02 7% 

(Test 33} Soluble in 88* naphtha.. ... ... 25.3% 

A sample of pine-tar pitch tested by Cha:ch a;;d Weiss' showed; 

(Test 7) Spacifie gravity at 77* F. I 13 

(Tost 95) Penetration at 115* F. Too soft 

Penetration at 77* F. 41 

Penetration at 32® F. 3 

(Test 15e) Fusing-point (cube method). 127* p. 

(Test 19) Fixed carbon. 19.9% 

(Test 2I41) Soluble in eaibon disulphide. 95.4% 

(Test 215) Non-mineral matter iuMlublo. 4.6% 

(Test 31c) Mineral matter. 0.1% 

(Test 33) Carbenea. 0 0% 

(Tsil 34) St^uble la bensot. 92.2% 


l**$ome Experiments on Technical Bilumets,” Prec. Am. Soe. TtHing MtimaU, II. 278, 1915. 
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According to Iknson and Davia,* wood-tar pitchea ar« more soluble in acetone 
than in carbon disulphide. Thus, hard-wood-tar pitches were found to bo 16.0- 
31.9 per cent more soluble in acetone than in carbon disulphide, and pine-tar pitches 
(obtained from the Douglas fir) 8.0 to 57.8 per cent more soluble in the former 
solvent. 

Wood-tar pitches are characteriged by their extreme susceptibility 
to changes in temperature, by the fact that they appear hard and at the 
same time show a surprisingly low fusing-pointWood-tar pitches are 
notoriously non-weatherproof. They are extremely stisceptible to oxida¬ 
tion on exposure to the weather and soon converted into a lifele.s.s and 
pulverent mass. Pine-tar pitch contains more or less resin, and accord¬ 
ing to Holde, shows an acid value greater than 57. 


ROSIN PITCH 

The sap of the long-leaf pine, known chemically as an oleo-resin, is 
composed of a mixture of spirits of tur|K“ntinc and rosin. It is gathered 
by cutting into the bark one-half to one inch, whereupon the oleo-resin 
slowly exudes and is collected in small cups, of which varoiw tyi)cs are 
in use. 

Tb^ oleo-resin is then distilled to separate the spirits of turpentine 
from the rosin. The apparatus ordinarily used in the United States 



for this purpose is shown in Fig. 79, consisting of a simple type of copper 
still with a “ worm ” condenser. The capacity of the still varies from 
10 to 40 barrels at the outside, and usually Ijctween 15 and 20. After 
the still is charged, the fire is started, and a mixture of spirits of turpen¬ 
tine and water (since the oleo-resin contains between 5 and 10 per cent 

•"The Free Carbon ol Wood-tar Pitchea." i. M. Bw. Chtm, t, 141. 1»17. 

•“Eiamination of Aephana." *>y E. Donath and B. M. Margoeche.. Ck«m. tni., ST. 230, 
1004; "Behavior of Wood-tar Pitch with Certain Organic Solvenu," B. M. Margoeehee, Cheat, 
Bet. rtU-Hart-lnd.. U. 5, 190.1; "DirUnctioB between Ugnite Pitch and Other Pitchea." bg 
E. Graefe, Chcni. ZtU., SO, 208. 1006. 
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of water) appears in the condenser. When all the water has boiled over, 
additional quantities are added in a small stream during the distillation, 
since the introduction of water causes the turpentine to boil at a lower 
temperature and prevents overheating, improving both the colors and 
yields of the turpentine and rosin. Towards the end of the distillation 
the stream of water is shut off, and the rosin heated until all the moisture 
is expelled, usually between 300 and 400° F. Before cooling, any foreign 
matter is skimmed off the surface of the rosin, after which it is strained 
through a fine mesh screen and barreled.* 

Rosin deprived of its turpentine, when heated in a closed retort will 
undergo destructive distillation, yielding a gas, an aqueous liquor and 
an oily distillate which may be separated into several fractions. If 
the process is carried to completion, coke will be left as residue. If the 
distillation is tenninated before the formation of coke, a pitchy residue 
will remain, known commercially as “ rosin pitch.” 

The rosin may be distilled either with or without superheated steam. 
If the latter is employed, the quality of the distillate is improved, and a 
much better temperature control obtained. Distillation under vacuum 
is also used in many cases. The rosin may accordingly be destructively 
distilled by any of the following processes: 

(1) At atmospheric pressure without steam. 

(2) With superheated steam. 

(3) Under vacuum. 

When the temperature of the rosin reaches 150° C. a liquid distillate 
appears which separates into two layers, the lower containing acetic 
acid, also other organic acids dissolved in water, and the upper composed 
of oily substivnces known as “ rosin spirit ” or “ pinoline.” When the 
temperature reaches 200° 0. the receiver is changed, and the distillate 
which ensues is either collected together or separated into fractions. 
The temperature of the residue in the retort is pennitted to reach 350 
to 360° C. but never to exceed the latter. The fraction tetween 200 and 
360° C. known as “ rosin oil,” may be separated into various portions 
termed “yellow rosin oil,” “blue rosin oil,” “green rosin oil,” etc., 
depending upon their respective colors. 

In distilling rosin destructively at atmospheric pressure, the following 
products are separated: 


Non*«onden8»bl« caseH. 0 0% 

Add liqttor. 3 5% 

RofliD apirits or pinoline . 3 5% 

Roein oil. 67 0% 

Roein pitch. 16.0% 

hm (tMin ndhertng to wells of still, etc.). I 0% 


> Bulletin Na 230, U. S. Dept, of Agr-. Wash., D. C., July 28, 1915. 
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According to Victor Schweizer,' when rosin is distilled with super¬ 
heated steam, the following yields are obtained: 


And liquor.... 
Roaia apinta. 
Blue retain oil 
Brown roain oil 
Rosin ■ • 


55 - 88 % 
11 25-12 0% 
4ft 0 50 8% 

- . 10 25 10 85% 

- . 18 0 1ft 0% 


The rosin pitch is run from the still while it is hot, and allowed to 
cool in a suitable receiver. It is fairly uniform iti composition and con¬ 
forms with the following characteristics: 


(Teat 1) Col«>i m maaa 
(Toal 2) Homoa«nniy 
(Trai 4» Frftfliirp 
(Tpat 5) I,u8(r<' 

(TfHt 6) Sirfak 

(Teat 7) Sponfir jrpfiMty hI 77® F 
(Test Or) Conawtency at 77'* F 
<Tf»» 0«/) .Suaeeplibility luotor 
(Te-st lOr) Ductility at 77® F 
(Teat 11a) Behavior on meliinu 


(Test 1.5n) Fusina-point (K and S iiiciImm!) 

(Teat lO) Volatile injitter, .'’KXI® F , 5 lir-s 

(Teat 17) Flash-point 

(Teat 19) Fued carbon 

(Test 21a) Soltiblc m carbon <li.'oil[>hi<le 

(Test 215) Non-nnneral matter insolnbh 

(Test 21c) Mineral matter 

(Test 22) Carbones. 

(Tost 2'.i) Solubility in 88® naphtha 
(Teat 28) Sulphur 

(Teat 30) Oxygen in non-Diincral matter 

(Teat 33) Paraffine . 

(Teat 35) Sulphonation residue 
(Test 37) Saponifiable conatiluenta 
(Teat 11) Diaeo reaction 
(Teel 42) Antbratininone reat tion 
(Teal 13) I.icbcrtnann-Slori li reaction 


nurk 

I'nilorm 

Conchoidal 

Dull 

l.ight yellow to 
hMwn 
1 98 1 15 
5t) KM) 

(ireater than 100 
t) 

Pawtes rapidly from 
the solid to the 
Ixpiid state 

12() 2tX)® F 
H» 18% 

Above 25ft® F. 

19 20%. 

98 1(8)% 

0 2 % 

9 1% 

9 5%, 

99 100% 

9 9% 

5-10% 

0 9% 

0 5% 

25 95% 

Viw 

No 

^ea 


Uosin pitch is very much like rosin in its physical properties. It is 
extremely sU3ceptil)!c to tcrnpcraluro changes, and as ordinarily pro- 
ducctl, is hard and friable at 77° F. It is ebaraeterized by the presence 
of considerable quantities of unaltered resin acids (10 to 45 per cent), 
and is free from fatty acids, glycerol, sulphur and paraffine. It with¬ 
stands weathering very poorly, and has therefore but a limited use. 
Fpon being heated, it passes rapi<ily from the solid to the liquid state, 
forming a melt of low viscasity. 

‘“The Diftillfttion of ReMne,” p. 5ft. New York. 
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^'Burgundy pitch" is the name applied to the oleo^resin which exudes from 
the Norway spruce {Abies excelsa), found in the Vosges Mountains and in the 
Alps; also from a species of pine obtained in the United States {Pinus australis). 
The crude oleo-resin is melted by boiling with water, and strained to remove any 
particles of bark or other impurities. It then constitutes the so-called "Burgundy 
pitch” (Pir abielim), sometimes marketed under the name ‘‘Vosges pitch.” These 
terms are misnomers, since the material is not a true ” pitch,” but in reality an oleo* 
resin. It contains more or less spirits of turpentine, which escaped expulsion during 
the boiling process, and a quantity of emulsified water imparting to it an opaque, 
yellowish-brown color. In consistency it is a more or less brittle solid, largely 
susceptible to temperature changes. In summer it softens and gradually flows, 
and in winter it appears very hard and brittle. It melts easily, decrepitating 
because of the water present, and has a strong odor because of the the associated 
spirits of turpentine. On aging it loses its opacity, due to evaporation of the emulsi¬ 
fied water, and turns first to a translucent, and then to a transparent brown color, 
similar to that of rosin. Its composition is substantially the same os rosin, contain¬ 
ing in addition, spirits of turpentine and emulsified water. 



CHAPTER XV 


PEAT AND LIGNITE TARS AND PITCHES 

PEAT TAR AND PICAT-TAR PITCH 

As previously stated (p. 50), peat is derived from the deronj. 
position of vcRetable matter in swampy places, such as marslics and Iwgs. 
On the surface we find tlie growing !U|iialic plants; somewhat deeper 
we find their decayed remains; and still dwiier a dark coIokhI pasty 
substance from which the vegetable structure has largely disappeanai, 
containing a substantial percentage of moisture and constituting the 
crude ireat. The plants which result in the formation of these deposits 
are maiidy aquatic, including marine grasses, naals, rushes, hedges and 
various mosses. 'The transformation is caused partly by oxidatioti in 
the presence of moisture, and also to some extent by the action of cer¬ 
tain fonns of bacteria, moulds and fungi. As the mass of imit builds 
up in thickness, the lower layers are first comparte<l upon Ijcing subjected 
to pressure, and then gradually carbonized. The essential condition to 
I)eat formation is that the vegetable remains shall be deiKwited at a 
rate exceeding that of their decomi)osition. This docs i ot prove to be 
the case in very wartn climates, where the remains are entirely decomposed. 
The organic matter should only be partly decom|)os<'d, an<l since the prod¬ 
ucts of partial decomposition act as a preservative to inhibit further 
deeay, we can readily understand why the building up of jieat be<lH is 
cumulative. It progresses most rapidly at a mean atmospheric tem¬ 
perature of 45° F., which accounts for the fact that no [leat l>ogs occur 
between the latitudes of 45° N., and 45° S. It is estimated ' that there 
exist in the United States 20 million acres of pesit l)og8, 30 million acres 
in Canada, 50 million on the continent of Europe, also approximate!) 
3 million in Ireland. 

The following constitute the most important varieties of peat, based 
on the locality in which they are found: 

(1) “Hill peat” found at mountain tops and derived from plants ronsisting 
of Sphagnum and Andrometla mo&ses, likewise heath. 

(2) "Bottom peat,” found near rivers, lakes, etc, in the low-lands, inriuding: 
(a) dark peat approaching lignite in composition, occurring at the lower parts 

* EDcyclopcdift BriUhDikioA, llih Editioo. 
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of the deposit; (b) middle peat, which is lighter in color and in weight than the 
preceding; (c) the top stratum, which has a fibrous structure. 

Peat varies in color from light yellowish, through various tints of 
brown, to brownish black or black, all of which appear darker when the 
peat is moist. The lighter shades generally darken to brownish black 
or black upon exposure to air; due largely to oxidation. In texture, 
peat varies from light porous matter having a fibrous or woody structure, 
to substances which are amorphous and clay-like when wet, but apia^aring 
quite hard and dense upon drying. Peat may be classified as follows, 
based upon its physical characteristics: 

(1) Turfy peat, eonsistin); of dcpomiKised mo.saea and aquatic plants, having 
a yellow to yellowish-brown color, nnd^ a soft, s|K)ngy, or elastic structure, varying 
in specific gravity when dry from O.U to 0.20. 

(2) Fibrous peat, consisting of a distinctly fibrous structure derived from ino.ss, 
grass, roots, etc., having a brown or black color. It is brittle and easily broken, 
much less clastic than turfy peat, and when dry has a specific gravity of 0.24 
to 0.67. 

(3) Earthy peat, forming curth-like maxses when dry, and sometimes showing 
a vestige of fibrous structure. Fractures with more or less difficulty, presenting a 
surface with little lustre. S|)ccific gravity 0.41 to 0.00. 

(4) Pitchy peat. Dense and hard when dry, resisting fracture and bre king 
with a smooth and often lustrous surface approaching that of lignite, Specific 
gravity 0.62 to 1.03. 

The chemical composition of peat is but little understood. It is 
regarded as a mixture of water, iiiorgjinic matter (calcium and iron 
compounds), vegetable fibres aiul humus acids (such as humic, ulmic, 
creiiic, upocrenic, etc.). According to U. Porntiagcr ' the black varieties 
contain lietween 25 and 00 jx'r cent of liumus acids, 30 to 60 per cent 
of fibre, and 3 to 5 |)er cent of ash. Nitrogenous compounds arc also 
present varying from 1 to 3 i)cr cent of the dry weight, resulting partly 
from the associated animal matter, and also due partly to the humus acids 
combining with atmospheric nitrogen, forming what are known as azo- 
humic acids. Sulphur is also present in amounts lietween 0.1 and 5.3 
per cent based on the dry weight. 

Resinous substances are found in certain varieties of peat to which 
various names have lieen assigned, also Ixxlies of a waxy nature derived 
from the associated gelatinous alg», known as “ sapropel.” 

When recently formed, the peat beds are but loosely compacted, 
but as they accumulate, the under layers become compressed, so what 
once was a foot thick may be concentrated to several inches. In other 

> Util. anot. CIttm, M. 694, 1900: «9. 039, 1901 
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cases the beds l.etonie coverwl witli so<liinciitury rwks, wliich aupiient 
the pressure, and gradually transform the peat into lignite.' 

Peat is generally oolleeteil by cutting trenches through the Iwg with a spade, 
and removing it in sods about H to 4 ft. long. The <leix)sit.H are worked in steps 
or tiers. Mechanical excavators and dredges have also lieen used for the puriKwe. 
The sods pre allowed to drain, then air^rlried and finally heated to a high tem¬ 
perature in.either stationary or revolving ovens, to remove the water. Peat as 
freshly mined contains 75 and 90 irer cent by weight of water, which must oi 
necessity be removed before the product can be u.sc<l as a fuel. Air-drietl iwat 
carries 10 to 15 per cent of moisture, and the artilicially dried ireat lietween a 
trace and 80 per cent of minend ash, consisting principally of sand and clay with 
smaller quantities of iron oxide, calcium and magnesium sidta. The maxinmin 
quantity of ash usually considered allowable when used as a fuel is 25 [ler lenl 
of tbe dry weight. Peat with less than 5 |)er I'cnt ash is considered gootl, Iwlwwn 
5 and 10 per cent as fair, and over 10 [ler cent ns |)oor. ttilh [icat containing 
leas than 10 per cent of ash in the moistiire-fn-c slate, the fixed cnrlKm vanes 
Iretween 15 and 85 per cent, averaging alarnl .10 |)er cent. 

• It is customary to briquette the partly dried |a‘at, carrying 10 to l.i per cent 
of water, and then continuing the drying until practically all the moiHliirc is 
removed, and the residual [leat compacted into lough briquettes suitable for us.' 
as fuel. It is briquetted under a pressure of IS.tXfO to :«MXK) lb. (K-r sqiiar.. incb^ 
which generates suliicient beat to liberate some of the tarry ' 

peat, causing tbe sides of the briquettes to assume a highly ,Kilislied glaxe. 11,. 
Uluct is claimcl to have a .•alorific value almost eipiiil to that J" ; 

In 1904 Dr. M. E. Kenberg, of laimlon, ,lev,....l a 
peat known as "wet ..arboiii/iiig,’' wbiel, scans to offer 

l^at', containing 85 to !X. .mr cent of water, is J" '' 'XT^f l«. lb 

above dlXf” K., m a siieeial form of apparatus, anil under j 
This causes the ,maty substan.es to coagulate ami perhaps 
Ixinixation, so that their physical pro|wrl,es iKsomc 

in color an.1 transformcl from a '^^"J^tr’filte at""'*"'" "■ 

be separated by filtering, so that the moistun in |,iw 

only 5 Imr .ent. Tbe process is J, p, a limited extent 

The briquetted peat is ordinanly used ^ ^ J ^ y „,„h<al, 

for the recovery of gas, Uir, ammonium co,„|Wunds and 

...neper., apoa the lrt.h Pc. '"I-T'V v"s.!o‘Mc“p''I 
II, Vol t.p.. I.t. K It'c. .tsth A"" Rep. • ' (;„,l„„e.l C<.n.ni.,»ion. rh»p.er 111 

Rchwe,.,.. Berne. .SmlrerlnnU, “'J /wh.n IV... .«.« 

eon..lii.- a labl.nxr.phv on peal. » v . liai.',. A I. I’.re.r.., .'olh Ann IPpl. 

McCoar. and Pn,melee, Ann K'P' by V C Kerr, 1V«». J 

N V. Slale Ma,. Vol 1. P 1». IW-’. ], (. , |I l.X. ISOS: "Pe.l. 

Holme,. B..1I No 400. U S. Ge..l ^T'e.mms leaden. IS07. ■ Tt'e l)..a at (leoehemolry. 
Manalaoture... by P H BjSrIin, and t ^ ' ..p,.,, ,„a Therr 

anrk. Ball No. 330, U. S. Cenl m,„„, 0,u.», C.nmU, Ball. IS, ISOS, 

i.etare .ad Pee. in Earnpe,'. t ''>'• 00 ^ .q„,„,i,,|,„n ol .be Pe.t Bog. «nd P''** 
..CommereiJ Pent,.’ by F T tli»m«. SOS. I 7 , by 

Indastry in C«nad«." Report 30 by ■ X’J'" 1000 10: Bepoit 2eS by Anrep, 

Anrep. Urwm. Ekeland. ete., f*"*’*' 4 , ..The «« ol Pe.t." by Chu. I).vl., 

Repor. 351 by Anrep, w«h.. D. C. 1.11. 

Bull. No. 16, Bureou of MIm«. U. S. wep • 
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have been used for distilling peat, similar to those employed for treating coal. 
Peat may be destructively distilled in closed retorts, obtaining a gas suitable for use 
as a fuel, likewise tar, ammonia, and a good grade of coke, but in the United 
States this process has only l>een carried on in a small experimental way. At the 
present time the cost of drying and briquetting peat brings its price higher than 
that of bituminous coal. For these rcason.s neither peat tar nor peat-tar pitch 
are produced in commercial quantities. It is probable, however, that in the future, 
greater attention will l)e paid to the enormoas peat deposits now inop^ative. A 
brief description of the Kuro|)ean practi(!e, therefore, will not l)e out of place. 

The Zeigler process of treating [>eat has attracted attention in Germany, Ba¬ 
varia, and Russia. It is distilled in retorts 40 ft. high, having an elliptical cross- 
section. The upper portion is (onstructed of cast iron and the lower of fire 
brick. Vertical firo-bri<;k flues are built outside the centml chaml)er. A feed-l>ox 
is attached to the top of the retort with a ga.s-tight cover opening inward, and 
the lower portion of the retort terminates in a hopper with two ojKmings from 
which the coke is removed from time to time. The volatile matter is drawn off 
by suction, pjisaed through condensers to remove the aqueous liquor and tar, 
and the purifled gases caused to burn in the flre'l>rick flues surrounding the retort. 
I'he products of combustion, having a temperature of 1800® F., are used for 
drying the peat until it contains about 15 to 20 per cent of moisture. The tar 
U separated from the aqueous liquor by heating the mixture with steam to the 
melting-point of the tar, which then rises to the surface. It is a black, viscid 
liquid with a disagreealfle acrid odor, repre-senting 2 to 5 |)cr cent of the dry weight 
of the peat used. The aqueous liquor contains ammonium salts, acetic; and other 
organic acids, wood alcohol, and pyridine bases. The tar is slowly distilled, and 
after the water ceases to pa.ss over, the receiver is changed and the distillation 
continued until 45 per cent of oily distillate has been collected. The receiver is 
agun changed, and heavy oils containing paraffine wax, totalling aliout 80 per 
cent by weight of the tar caught separately, leaving 15 to 20 per cent of peat-tar 
pitch in the retort, which is finally drawn off. Tlic oily di.stillatc first recovered 
is redi.stilled into light naphtha (demsity under 0.8.3), and heavy naphtha (density 
0.85). The heavy oil is cooled and pressed to .separate lubrhating oil from the 
paraffine wax. The proilucts are treated first with eoneentrated sulphuric acid 
an I then with caustic soda to remove tarry impurities and creosote oil respectively, 
the latter being recovered in the form of creasote or carl>oiic acid. 

The following represent the percentages by weight of by-products obtained 
per ton of the air-dried peat: 

Qas<‘4 and ioM. 15% 

Aqui>ouB liquor. 40% 

Peat tar . 9% 

Coke. 367<. 


Total.. 


100 % 


The following percentages by weight of by-products were obtained from the 
aqueous liquor: 


Ammoaium aulpbate 

Methyl alcohol. 

Pyridine baaea. 

Aoetie acid. 


.. 4 0% 

... 20 % 
.. 0 . 2 % 
... 1 . 6 % 
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Tbe dry peat tar yields the following: 



Cruih, 

\(tl 1 PtllllK'atHUI 


Pir ('••III 

Prr t'ent 

Light naphtha 

lb 

12 

Heavy naphtha 

:io 

•jr> 

Lubricating oil 

1.1 • 

1.1 

Paraffine wax 

12 

2 

Pcai'tar pitch 

iti 

IG 

CreoBole 


12 

I.osa 

11 

2(1 


1(10 

KKl 


Holde reports ' that the destructive dislillaliiin crude uudricd ihuiI pnaluces: 

N()ti-roiiUcni*al>lc giwos . . 

Anucous disultatc ‘t’i r 

Peat tar “ *** " 


Brniuetted Yorkshire i>eat on distillation yields hetueen 11 and JJ Ih of ninino- 
niuni sulphate per ton, and approMinulely US gal of tar and water I he gases 
evolved are sufficient to conduct the process of disidlalion winch yields a coke, 
hard enough to be used in blast furnaces. The bir on distillation yields the fol¬ 
lowing fractions: 


Below 150“ C 
l.w ■2.)0“ C 
Ahovi* UriO" C’ 

Also a rosiduo amouniini? to ISTf)'! 
Thf dwtillalf boiling abo\»* 2.W^ (’ 


of biirtl 

(■Ollllllttt-ll I'sf f 


1 a,'.'’, thslillnlf (f|> itr <1 

211 1MI‘, (likiillatf (h|j gr t» t).W) 
.Ml (Ml'; iliNtilUtf (s|iRr 0 9(1) 

pKrIi 

r< lit of finmfRnp wax 


Graefe (loc, cit.) refKirts the following te-ts on Uiissian |Kail tar; 


(tr 

Hotlirig'point. 

DtHdilat^ of orudo o’l" 
IVni'tar pitch 
Crronolc m the crude tuli* 
Paraffitic in the crude tar 
KiiMnit-point, of the crude tar 


0 9.1(1 
199* C 

71 1'^ 

!i 

.w 2* (' 


K. Bornstein and K Bernstein - .. pnwe.ss for ' 

to destructive distillation, and recover the .utrogcnoiis .■on„s,unds ' 
tar after dehydration contained phenols, IH ivnl; nitrogenous bas..s (alka¬ 
loids), 1 per cent; neutral oils, :!4 ,*r ec.it; and piUh Iconlaiinng paraffine), 

I^'Tumpe and Canada attempts have Iweii made to utilise peat for nianu- 
factoring producer gas (see p. 172). A s,«cial type of pr»luror known ^ he 
Korting “Double Zone, Upnlraft Peat (.as Proiluwr, has Ixn-n designed for the 


J°0a! IH, 731, 1910; st*. X. ami-w. a™, >7, AutssU, 71 2, 1914. 
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purpose, as illustrated in Fig. 80. It operates on peat which has been air-dried 
for four weeks, containing 25 to SO per cent moisture, thus saving the time 

and expense of drying artificially. This 

* moisture is converted into steam in the 

producer, and obviates the necessity of 
introducing steam with the air, as in the 
case of coal or coke (p, 239). The air-dried 
peat B in (he form of sods measuring 
8X4X2 in., weighing IJ to 2 Ib. each, is 
charged into the hoppers A-A, from which 
it falls upon the sloping grates C-C, where 
it undergoes partial combustion. Sufficient 
air is admitted l)eIow the grate-s to distil off 
‘WM moisture and volatile matter. The cnr- 

l>onized fuel then piisses downward through 
I the comparatively narrow duct (/ to a .second 
comi)ustion zone H at bottom of the pro- 
duccr, where the combustion is carried to 
■tfSS * completion. The moisture and tarry vapors 

f evolved in the upiwr zone piuss thrfmgh the 

■ k l " oi)ening D and downcomer E and intro- 

^ / M duced at F directly bt*low the grate-bars 

the lower zone, whence they pass upward 
through the incandescent fuel to the draw- 
off pi[)es J-J. The air udinitte<l to the 
X lower zone through the pi|)es I-I is carefully 
Air . —r—Y regulated, so that a proper interaction will 

/|—H\ t—i -t take place lietwcen the fuel, momture, and 

Air and 5t*om^ [rtf j tarry vapors, resulting in the ultimate forma- 
. t-c—(,f hydrogen and carlion-nionoxide. The 

Fio. 80. Kfirting Double Zone Up- t^^r^y matters are partly converted into 
Draft Oas Producer for Peat. (xtrmaiient gases, and partly burned. A good 

{mrtion of the ti\r, however, escapes de{‘oiiiiM>- 
sition and is carrie<i by the prodiner gtt-s, from which it must l>c se{mrated by a 
tar extractor and scrubber. The tar recovered in this manner amounts to 1 to 2 
per cent by weight of the dry peat and is very similar in composition and properties 
to peat tar derived from destructive distillation processes.’ 

Dehydrated peat tars in general, tost as follows: 


Airand 5t«om^ [•: ) 
Fio. fW.—Khrting Double Zone Up- 
Draft Gas Producer for Peat. 


(Test 1) Color In mass. .Black 

(TmI 7) Hpeclflo gravity at 77® F . 0 ©0-1 05 

(Test 0) l(ar<lnos8 or consistency . . liquid 

(Test l5o) Fusinf-point (K. and SP. method) . 40-60® F. 

(Test 16) Volatile matter at 500® F , in 4 hra . 50-85% 

(Test I7a) Flash-point.. ... . 60-05® F. 

(Test 10) Plied carbon. . . 5-15% 

(Teat 21fl) Bolubla in carbon disulphide . 98-100% 

(Teat aU) Non-nilncral matter insoluble. 0-2% 

(Test 2lf> Mineral matter. 0-1% 

(Test 22) Carbenes. . 0-2% 

t"UM of Peat in Oas Producint Plants," E. C. C. Baly, /. <$ec. Chtm. In4, tf, 1240, 1010. 
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iTertZS) 

Solubility in 8S* naphtha 

. 95-100% 

(Tint 28) 

Sulphur. 

(Teat 30) 

Oxygen in non-mineral matter 


fTeat 33) 

Paraffine wax. 


(Te.t 36) 

Sulphooation residue 


(Teat 37) 

SaponiBablc conatituenta . 

. 5 15% 

(Teat 41) 

Oiato reaction 

(Teet 42) 

Anthraquinone reaction 


(Test 43) 

l.ieberniaDn-Storoh reaction . . 

No 


Peat-tur pitch is obUiincO by the evaporation or steam distiliation of peat tar. 
It is not an artiele of commerce in the Uniteci States. Its haiainess or consistency, 
as well as its fusing-point, depend upon the e.xtent to which the distillation has Im-n 
conducted. Ordinarily peat-tar pitch tests much the same as lignite-tar pitch, 
the results being inelinled on table XXXV, p. 4 ,su. it is highly susceptible to tem¬ 
perature changes, and withstands ex|)Osure to the weather very {loorly. 


LKJNITE TAR AND LICNITl-^TAR PITCH 

The U. S. Ceological Survey estimates that 1,087,514,400,000 tons of 
lignite are available in the I’nited Sitites, but it is used only in a limitt'd 
way, due to the abundance of other tyix's of fuel.' Largo deiKisits occur 
also in Allx'rta, Saskatchewan and Manitoba, Canndti. A zone covering 
alx)Ut 1700 square miles has lieen locattul in Australia, and one small 
deposit has lieen reported in Kiigltind (at Hovey-Tracey in Devonshin-)' 
A commercial product known as “ kaumazite ” is made from Hohemian 
lignite by a process of low-temp<‘raturc distillation.*’ In (lennany, how¬ 
ever, the lignite industry has made much more rapid advances owing 
(tartly to the scarcity of high-grade coals, and partly to the fact that the 
deposits arc located close to large cities, making the cost of transiiortation 
low. The lignite is accordingly used as a fuel for steam plants, for manu¬ 
facturing producer gas, and for ilistillation purjiosi's to recover its valuable 
by-products. 

The descriptions of the methods which follow are based on (ierman 
practice as carried out in the following localities, viz.: 

(1) near Horrem, a short distance west of Cologne in Rhine Provhice; 

(2) in the neighlxirhood of Halle on the Saale, in the Provinces of Saxony 

and Thuringia; and 

(3) at Messcl, near Darmstadt in Hessen Province. 

The so-called browncoal (a variety of lignite) is mined at the first two 
localities. It is estimated that 20,000 to 25,000 tons were briquetted 
daily in the Cologne mining district alone, where the l)cds run from 30 

«Chwic* A. D«vi*, T«*b. Psp**? No. 55. Bureftu of Mioet, Dept, of Interior. Wuh., D. C.. 

mx 

innniel Beilet, Aer gin An. M. 118. 1917. 
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to 350 feet thick, averaging 75 feet. Browncoal differs somewhat from 
American lignite in carrying a higher percentage of moisture (about 
60 per cent instead of 25 to 50 per cent). As mined, browncoal is soft 
and either unconsolidated or but slightly consolidated, so that it can be 
cut easily with a knife. The Messcl deposit carries about 30 per cent 
clay and 45 per cent water, the orgatdc constituents apparently being 
combined chemically with the clay. It is greasy in consistency, having 
a black color with a greenish cast. The bed covers about 240 acres 
in a hemispherical depression, and measures 480 ft. in thickness under 
a cover 13 ft. thick composed of gravel and clay. 

Browncoal in the Cologne and Halle regions is found in stratified 
lieds in which the layers alternately appear lighter and darker in color. 
The lighter layers form a brownish-black pla.stic and greasy mass when 
freshly mined, and a yellowish to light brown pidvcrulcnt sulistance when 
dry. They are characterized by the presence of waxy constituents soluble 
in carbon disulphide, l)enzol, etc. The darker layers form a black plastic 
mass when fresh, and a dark brown to black earthy substance after dry¬ 
ing. They differ from the light-colored layers, in l)eing sutistantially 
free from soluble waxy constituents. The two varieties arc sorted during 
the process of mining. The light-colored pixxluct resembles the mineral 
pyropissite (sch; p. 160) but yields smaller percentages soluble in benzol, 
etc., the highest grade averaging 32.5 tx;r cent (based on the dry weight). 

The lighter variety of lignite has l)cen incorrectly termed “ bitu¬ 
minous lignite,” and the darker, “ non-bituminous lignite.” For pur¬ 
poses of differentiation, we will refer to them as " retort lignite ” 
and “ fuel lignite ” rcst)ectivcly.‘ Retort lignite ranges in spccihc 
gravity from 0.9 to 1.1 and melts at ignition, whereas fuel lignite has a 
gravity of 1.2 to 1.4, and does not melt. 

It is assumed that these two varieties of lignite, since they occur 
in the same deposit, result from differing conditions surrounding their 
fonnation, as for example a variation in water level. Thus if the original 
vegetable matter containing a large amount of waxy constituents was 
protected from the action of atmospheric o.xygen by being surrounded 
with water until the transformation into lignite had Iteen completed, 
then the woody tissue was more or less preserved, and fuel lignite resulted. 
If, however, the water receded and exjwsed the deposit to the action of 
air, then the woody tissue l)ccame partly or wholly oxidized, leaving 
the more resistant materials l)ehind, and resulting in the formation of 
retort lignite. If the process of atmospheric oxidation had been carried 
to the greatest possible extent, then the waxes only remain behind, in 

I la 0«rmAoy they trrm«d “DiftillatloD Coftl” (Scbirelkoble) tad “Fire Coal” (FeuerkoUe), 
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the form of the iiiincral pyropissito. As stated previously, pyropissite 
is no longer mined, since its total availalde supply has l)een exhausted. 
Lignite as freshly mined is more or less rapidly acted upon by atmospheric 
oxygen, the dark variety being more susceptible than the light one. A 
typical lignite vein carries about twice as much fuel lignite as retort 
lignite. 

Retort lignite is treated in one or two ways, viz.; 

(1) It is subjected directly to low temperature destructive distil¬ 
lation, or 

(2) It is first extracted with a solvent to remove the montan wax and 
the residue either distilled destructively or briquetted and sold as fuel. 

Fuel lignite is also treated in one of two ways, vit.: 

(1) If it is comparatively free from ash, it is briquetted an<l used as fuel; 

(2) If it contains a large proportion of ash, as with Me-ssel lignite, it is used 
for manufacturing producer gas by combustion in an atmosphere of air and ateani, 
so that practically all the carlxinaccous matter is consumed, leaving almoKt pure 
ash behind. Since Messel lignite in its crude state contjiinH but 25 i)er cent of 
combustible material, it is unsuitable for use as fuel, or for pur|>ortes of destructive 
distillation. 

When the lignite is to be used for fuel, it is converted into briquettes by 
subjecting the granulatoil material to great pressure. The heat genemted during 
this operation softens the waxy substances present, anfl binds (he paitif'les into 
a solid mass. It is unneccasary, therefore, to add any extraneous binding medium. 

Retort lignite is unsuitiiblc for fuel or manufacturing liriqucttcs, aa the lai^pj 
quantity of waxy constituents pre.sent will soften when heated, causing the briquettes 
to melt and drop through the grate bars. When the retort lignite has lieen ex* 
tracted with solvents to remove the "monbin wax,’' the residue still contains 
enough waxy constituents to enalile it to l)c lirHiuetfed. 

Lignite is mined by the open-cut method where the over-burden is not very 
thick, or by driving shafts and tunnels when the l)c<l is situated some distance 
below the surface. In the case of o|)cn-cut mining, the over-burden is first re¬ 
moved with steam shovels, and the lignite excavated by rnecliunically o{)erated 
chain and buckets, which load the material into small skips. 

Shaft mining presents a numlier of dilhrulties owing to the softness and un¬ 
stability of the cnide lignite. The shafts must l>c well timliered, and in many 
cases it is fimt necessary to freeze the lignite liefore it can l>e handled. This is 
accomplished by driving a series of vertical iiifics at the l)Ottom of the shaft 
through which salt solution cooled to a low tem{>cruture is caused to circulate. 
This solidifies the lignite, and enables it to be be excavated without danger of 
cave-ins. 

Where the lignite is used for manufacturing briquettes, it is first crushed to 
about the size of peas, then passed through sieves, and finally through a drier 
to reduce the moisture to approximately 15 (ler cent. A tubular drier, heated 
with steam, has been found roost satisfactory for the purpose.' The lignite powder 

'''Briquetting Te«u of Lignite at Pituburgb, Pa,'* Bulletin No. H, Bureau of Minea, U. 8« 
Dept, of Interior, Waab., D. C, 1911. 
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u fed into a briquetting press, where it ia subjected to a pressure between 18,000 
and 22,500 lb. per square inch.' 

When the retort lignite is to be subjected to destructive distillation, 
it is used directly as it comes from the mine, without drying. In fact, 
the presence of the water materially assists the distillation process by 
preventing the volatile products from decomposing too extensively. 
The water is converted into steam which quickly removes the vapors 
from the hot retort and prevents cracking. Practice has shown that 

the moisture content should 
not be less than 30 per cent. 
In distilling lignite, the humic 
acids present are converted 
into the so-called “ neutral 
bodies,” the ccllulo.se deriv¬ 
atives into phenolic bodies 
and unsaturated hydrocar¬ 
bons, and the waxy constitu¬ 
ents into saturated hydro¬ 
carbons and paraffine wax. 

It is claimed that the 
Rollc retort shown diagram- 
nmtically in Fig. 81 has Ixicn 
found mo.st satisfactory for 
treating lignite. It is 5 to 
6 ft. in diameter by 20 to 
2 ,'> ft. high, and works con¬ 
tinuously, the operation pro¬ 
gressing in two stages, vis.: 

(1) Drying the lignite. 

(2) Decemposing the lig¬ 
nite into gas, water, tar and 
coke. 

The contrivance is com¬ 
posed essentially of two con¬ 
centric cylinders, an outer 
Fill. 81. -Retort for Distilling Pure lignite. of firg brick and an inner 

one consisting of a stack of 
conical rings assembled in louvre fashion, constructed of iron or fire clay. 
The lignite after being crushed into lumps about li to 2J in. in diameter is 

‘"The Produetlon and U#e of Brownenal In the VWnJty of Colofne, Oerinaoy,’’ by C A 
Pavit, Tech Paper No. W, Hureati of Minea, U, 8. Dept, of Interior, Wnah. D. C. 1913 
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introduced into the space between the concentric cylinders. The products 
of distillation pass out through the flues A and B. The openings C 
represent the fire-flues; D, the stack of conical rings; £, the cap covering 
the rings; F, an inverted cone of metal into which tlic coke falls after 
the lignite has been thoroughly carbonized; O’, a device for intennitleiilly 
drawing off the coke; H, the combustion chamlw; J, vents for intro¬ 
ducing the gases; A', the pipes through which the gases enter; ami /., 
the fire place which comes into play when the retort is first started up. 
(’oal or hgnite is burnt on the grate, until the process of destructive 
distillation commences, whereuiKni the resulting non-iomlensiil)le gases 
are introduced through A' and J, and caused to burn in the flues '1 be 
space over the cap E is kept filled with lignite, and the rale of travel 
through the retort is controlled by the frequency with whicli the coke 
is removed from the chamber (/’. 

The temperature at which the distillation takes place varies between 
500 and 900® F., and the vapors issue from the retort, at 250 to 3(K)° I'". 
The products of decomposition are drawn from the ivtort by a slight 
suction, and passed through a series of air condensers, which removes most 
of the tar, the high boiling-point oils, and part of the water. '1 he condensa¬ 
tion is completed by passing the gases through piiK'S surrounded by water.' 

The tar is separated from the condensed w ater by wanning it and allowing 
it to stand (luictly in a suitable receptacle. '1 he tar being lighter than the 
water, rises to the surface, and is drawn off when the separation is complete. 

In recent years the following lerccntages have been recovered. 

. . M m% 

. .'.- 10 % 

.. 25-3S% 

. Btiraoe 

G*.. 


TTie coko has a more or lea, granular structure, amt after ^ 

carries aliout 20 per cent of .noisturc and 15 to 25 per cent of ash, de|«nd.ng 

upon the character of the raw lignite. i;„niiA 

The following figures show the yield on dtstdhng an cx.ept,onally " ^ 
containing 32.5 per cent of constituents soluble in carlion disulph.de, which inci¬ 
dentally, is very much higher than the present run of the mines._ 


Gum ftod Iom 
Aqui^uf liquor. 

Tar. 

Coke . 


Total . 


Original Lignite. 
Per Cent. 


0 

n 

33 

.35 

100 


iJsniO- all.r Kilr«c- 

Mooinn Wni 

lion with SolvenW. 

KitriirUtl, 

prif Crnt 

Pff Ont 

12 

6 

\9 

6 

21 

78 

48 

12 

ItiO 

100 


r pi. Br.unk»W<'n.«T-ln<lu....c." by Ed. Cr«.|c. Hstl. .. S. 1900. 
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In Southern Saskatchewan, Canada, the raw lignite teats as an average: 
water, 26.13 per cent; volatile hydrocarbons, 28.11 per cent; fixed carbon, 38.18 
per cent; ash, 6.86 per cent; and sulphur, 0.74 per cent. It is treated in a ver¬ 
tical chamber oven, like a horizontal by-products oven, charged and discharged 
continuously. The gradual application of heat increases the yield of hydrocarbon 
by-products at a high speed of treatment. Rapid evolution of gas results at 
700-900° F., and ceases at 1000° F. A ton of the crude lignite yields: gas, 10,000 
cu. ft.; crude tar (water-free), 15 gal.; ammoniacal liquor, 65 gal.; and coke, 
955 lb. On distillation, the tar yields: light oils, 11.5 per cent; creosote oils, 13.5 
per cent; paraffine, 34.1 per cent; and hard pitch, 24.5 per cent. About 15 lb. 
of ammonium sulphate are recovered per ton.' 

The Messel lignite carrying a large percentage of mineral water is 
treated in a special fonn of retort built in batteries, as illustrated in Fig. 

82. The process takes place in three 
stages, viz.: 

(1) Drying of the lignite and accom¬ 
panying generation of steam, taking 
place in the zones c. 

(2) Distillation of the dried material, 
taking place in zones b. 

(3) Combustion of the residual coke 
by means of air and the steam generated 
in (1), taking place in zones a. The steam 
lil)crated in zones c is passed through the 
flues fi-c, /-/, and (l-;j respectively into 
the zones a, as illustrated. 

In other words, the stoiin generated 
by the lignite itself, is used to decomix)se 
the coke into producer gas, as described 
on p. 172. The gas is caused to burn 
in the chambers A, H and C respectively, 
the products of combustion passing 
thro\igh the openings o, o. Pipe d repre¬ 
sents the outlet for the products of 
decomposition, and s represents the sup¬ 
ply pipe for the heated gas. The paths 
Fio. 82.—Retort for Distilling of the products are indicated by the 

Impure Lignite. arrows. The yield of tar varies between 

4 and 14 per cent, averaging about 7i 
per cent (19 gallons per ton), that of gas 6 per cent, water 44 per 
cent and coke 36 per cent. The residue discharged from the Imttom 

of UMIiuoC 8. M. PwIIdc. J. &a« Lt^HHng, 111, 456, lOtS,. 
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of the retort is composed of mineral matter carrying 8 per cent of unde¬ 
composed carbon. More gas is generated during the process than is 
required for heating the retort, and tlie excess is used for other purposes. 

Lignite in either the air-dried or briquetted form is gradually l)eing 
used more and more, especially in Europe, for manufacturing producer 
gas. Either a Westinghouse double-zone gas producer (see p. 242) or 
a Korting • double-zone up-draft producer may be used. The latter is 
similar in construction to the Korting i^eat-gas producer (Fig. 80), l)Ut 
the channel is greater in cross-section, and steam must lie introduced 
with the air below the grate-bars in the lower zone when artificially dried 
briquetted lignite is used. Aliout 60 cu. ft. of gas are prorluced from 
each pound of the dry lignite, also } to i per cent by weight of lignite 
tar, which is separated from the producer gas in the usual manner. When 
the air-dried lignite is used, the process is very similar to that which takes 
place in the Messel retorts, but the yield of tar is much smaller since 
the moisture and tarry vapors generated in the upper part of the pro¬ 
ducer are passed through the incandescent lignite from lielow, to decom¬ 
pose the tar as much as possible, and correspondingly increase the yield 
of producer gas. In other words, the Messel retort, is designed primarily 
to recover the tar, and the lignite-producer to generate gas. 

Lignite tar has a buttery consistency at ordinary temperatures 
with a dark brown to black color. It is composed of liquid and solid 
members of the paraffine and olefine series, together with a small quant ity 
of the lienzol series, also the higher phenols and their derivatives. It is 
characterized by the presence of a substantial proportion of solid par¬ 
affine (10 to 25 per cent) and from 0.5 to 1.5 per cent of sulphur. 

In general, dehydrated lignite tar conforms with the following char¬ 
acteristics: 

(T»t I) Color in m«, . YrilowUh Wn to 

creeouh brown to 
browniih blark 


(Test 7) 8|»eclfio pavity at 77* F. 

(Teat 9) Hardness or conaiatency at 77* F .... 
(Test 10) Ductility at 77* F. 

(Test 13) Odor on beating 

(Teat 150) Fuaing-point (K and 8 ntelhod) 

(Test 16) Volatile matter at flOO* F. 4 hrs 
(Test I7a) Flash-point (Pensky-Martens tester). 
(Teat 19) Tiied carbon .... 

(Test 30) Distillation teat. 


(Teat 21o) Soluble in carbon disulphide 
(Test 216) Non-ouneral matter insoluble 

(Tort 21e) Mineral matter. 

(Test 22) .. 


0 85-1.06 
8 a)ve>Uke to buttery 
None 

Characteristic 
60*90* F. 

70-86% 

75-00* F. 

5-20% 

The boiling poiot ranges 
between 80 and 400* 
C, the greater por¬ 
tion distilling between 
250 and 350* C. 
08-100% 

0 - 1 % 

0 - 1 % 

0-2% 
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(Teil 23) Solubility in 88* n»phthft . • 95-100% 

(TmI 28) Sulphur. • 0 5-15% 

29) Nitrogi-n. than 0 1% 

(Test 30) Oxygen. S-10% 

(Te«t 31) Free carbon. 0-1% 

(To»l 32) Naphthalene. 4“1% 

(Teat 33) Paraffine. ... 10-25% 

(Teat 35) Sulphonation residue 10-20% 

(Teat 37) Saponifiable conatituenla.. . 6-20% 

(Teat 41} Diato leaetion Ves 

(Teat 42) Anthratjiiinono rcnetion No 

(Teat 43) Ideberinann-Hlondi reaclioii No 


Gracfe reports * that (le.structively distilled lignite t.:r will r.angc as follows: 



(]o<hI Tuf 

A'orngf Tor 

Poor Tar. 

Specific gravity nt 77* F 

0 8«7 

« S.H6 

0 917 

Commoncea to boil. 

i(H)* C. 

1:50® C. 

174* C. 

Crude nil dlatillat'- 

1 1 

37 j';;, 

24 1% 

PftrftffinaroAua reaiduc 

tV.i% 1 

.5.) .5*’^ 

OS 9% 

ParaffinactKiuK roHiilui* aoliilifica at . 

29 8® (’ 

2.*» 8® C 

20 1* C. 

Crt'oaoto in rrude oil iliBiilUu* 

11 11% 

15 0% 

19 5% 

Cffoeotc ill pariifflnao«*oua reBid-io .. 

0 O'’;, 

0 0'; 

7 0% 

Parafflnn in paraffiimorous rviiidue. 

2:i ;o; 

IS .'■>-■22 0% 

18.2% 

Paraffin** in the tar ifwif 

14 (.7% 

lU 2 12 5% 

12 5.3% 

Fuiiiiig'puitit of tho prirnfriiK* 

, ."il 0®(‘ 

40 7*r 

.'i2 7* C. 


The otpiooiis liquor separated from the lignite* tar rontain.s 0.03 to 0.07 per 
cent of ammonium sulto, which are so small in amount that it scarcely pays to 
recover them. Lignite contains an average of 0.3 jmt cent of nitrogen, which is 
distributed among its products of distillation as follows; viz. The gas contains 
12 per cent, the aqueous licpior 12 per cent, the tar 10 jicr cent, and llic residual 
coke 66 per cent. 

In practice, linnitc tar is distilled to sc'parato various oils and paraffine 
wax. The distillates arc purified hy troatiiieut with acids and alkali, 
and the paraffine by ix'-crystallizatiou. 

The distillation is coiiduetod in one of throe ways, viz.; 

(1) At atmospheric pressure, without steam. 

(2) By means of steam. 

(3) Under vacuum, sometimes supidcii-.eiitod with steam. 

Vacuum distillation is generally used, ivs it sivves fuel, reduces the 
time and prevents cracking of tlio distillates. The Itest practice consists 
in using a slight vacuum at the l)eginning of the distillation, and gra<lually 
increasing it until the paraffine Ijegins to distil, when it is maintained at 
16 to 28 in. of mercury by a steam injector, or vacuum pump. 

With steam distillation, cither plain or superheated steam may be used 
and direct heating of the retort may he dispensed with in the latter case 

The distillation may l)e intermittent or continuous. European prac¬ 
tice provides for the continuous distillation of the dehydrated tar in a 

>" litboratoriumabuch fOr die Rraunkohlenteer-IndiiVrie." Ifalle « 8. p 3S, igog. 
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vertical cylindrical still with a hemispherical Imttoiu having a dome- 
shaped cover carrying the exit pipe and fastened to the body of the still. 
Each still is connected with a condenser composed of a circular coil of 
metal piping immersed in a water tank. Between 10 and 20 stills are 
erected side by side on a coimnon brick setting. 

Gases derived from the destructive distillation of the lignite, arc mixed 
with air and allowed to burn in flues underneath and around the stills. 

Lignite tar is first distilled to i its original bulk, and the combined 
residues of several stills are run into a separate retort. In some cases the 
residues arc distilled to produce lignite-tar pitch, but in the majority they 
are distilled until nothing but coke remains. By thus treating the 
residues in separate retorts, the lives of the first retorts arc lengthened 
materially, and the wear and tear concentrated on a few. The retorts 
in which the preliminary distillation takes place are of course subjected 
to a much lower temperature than tbo.se iii which the residues are treatc'd. 

When lignite tar is distilled to coke, a certain amount of cra<'king 
occurs, and consequent formation of tarry matter in the distillates, which 
is removed by treating with sulphuric .acid, and (he resnilitig sludge 
worked up into lignite-tar pitch as will l)e descrilKsI later. 

Obviously the pitches derived in thc.se two ways dilTcr in their phys¬ 
ical properties, and pailicularly in'the ((uanlity of iissociated jraridfitii', 
which is smaller in lignitc-tar-sludge pitch. 

The tar is fractioned into crude oil (about .33 per cent), a paraffinare- 
ous distillate (about 60 [x-r cent), red oil (al)out 3 per cent), ix-nnaia'iit 
gases (about 2 per cent) and coke (about 2 per cent). 

The crude oil is re-distilled into naphtha, illuminating oil, cleaning oil, 
gas oil and light paraffine oil (vaseline oil). The paraflinaccous mass 
is cooled and pres.scd, which removes the heavy paraffine oil from the 
paraffine wax. The paraffine wax is then re-ciyst alii zed and separated 
into the soft paraffine wax and hard paraffine wax respectively. 

According to Pcheithauer (loc. cit.), an average grade of lignite tar 
will yield the following products, viz.: l)enzine 5 per cent, lubricating 
oil 5 to 10 per cent, light paraffine oils 10 per cent, heavy paraffine oils 
30 to 50 per cent, hard paraffine 10 to 15 jwr cent, soft paraffine 3 to 6 
.per cent, dark-colored products 3 to 5 per cent, coke, gas and water 20 
to 30 per cent. 

If the distillation of lignite tar is not continued to coke, lignite-tar 
pitch is obtained, amounting to about 5 per cent by weight of the tar. 

The following diagram shows the essential steps in treating lignite 
tar by fractional distillation, including the two alternatives of running 
to pitch and coke respectively. 
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Refined lAgjuf~tMX Pitch 

reonote Oil (frocn ncid sludge) 
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The fractions are purified by treating successively with sulphuric arid and 
caustic soda, which improves the color and odor, and enables the products to com¬ 
mand a higher price. The steps in refining include: 

(1) Treatment with 50° Baum5 sulphuric acid. 

(2) Treatment with 66° Baum5 sulphuric acid. 

(3) Washing with hot water. 

(4) Treatment with a small volume of 38° Baum5 caustic soda. 

(5) Treatment with a large volume of 38° Baum6 caustic soda. 

(6) Washing with hot water. 

The preliminary treatment with weak sulphuric acid removes a portion of the 
basic constituents, including the pyridine. The stronger sulphuric acid extracts 
the remaining basic substances, the tarry matters which imiairt a dark color, a 
portion of the unsaturaterl hydrocartons and the resinous constituents. The small 
(juantity of alkgli serves to neutralize the acid, and the larger quantity to remove 
the creosote oils which would impart a disagreeable odor and darken on ex|) 08 urc 
to light. 

'I'he chemical treatment is carried out in Icjid-liucd steel vessels, and the mixing 
effected with a current of air. 

The following represent roughly the quantities of acid and alkali required to 
purify the various fractions; 



60® W 

Sulphuric And, 
I’t'r ('em 

0<l® 

Sulpliurie And, 
Per (Vni 

:{s® M 

('aiifltie Hotia. 
per (Vlit 

Naphlhft , 

1 

7 

1 

(lluminatiriR Oil 

1 

'* 


Cleaning Oil 

1 



Soft paraffine wax 

\ 


Hard paraffine wax 

\ 


_ 


The total (piaiitity of sulphuric acid ri'quircil to refine the various fractions 
varies between 6 and 7 per cent by weight of the tar, and that of caustic soda 
between 1 and U P®*" 

The following refined products arc obtained: 

NaiAtha. Siiecific gravity, 0 8(10-0 820; flash-point, 2.5-.35° C.; toiling commences 
at 136° C., 7 per cent distils under 150°, 12 |ier cent distils under 200°, and the 

balance under 2.50° C. . . „ , ... 

Ittumitwting Oa. Specific gravity, 0 820-0.835; flash-point, 35-50 C.; tolling 
commences at 136° C., 4 per cent distils under 150°, 84 per cent dUtils under 
200°, and the balance under 2.50° C. 

Ckaning OU. .Specific gravity, 083.5-0.860; flash-point, 60-70 €.; toiling com¬ 
mences at 189° C, 4 per cent dtstils under 200°, 95 per cent distds under 250 , 

and the balance under 300° C. It is free from iiarafline wax.. 

Gas oa. .Specific gravity, 0.876-0.900; flash-point, 80-90 C.; igmtion-point, 
100-120° C.; Lling commences at atout 200° C.. 20-30 per cent distils under 

250° C., and 70-80 per cent under .300° C._ ■ . ,no" f-. 

LiM Paraffine OU. Specific gravity, 0.900-0.915; flash-point, 90-100 C., 

igniton-point, 1.30° C.; toiling commence, at 210-220° C., 2 per cent duUl. 
under 250° C., and 33 per cent distils under 300° C. 
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Ueoi'y Parnjfine (hi. Specific gravity, 0.915-0.930; flaj;h*point, 100-110* C.; 
ignition-point, 130-105* C.; l>oilinK commencea at 230" C., 2 per rent diatiia 
under 250“ C., and 10 per rent distils under 300° C. 

Paraffine Waz. Fu8ing-[)oint varies from 35 to 62° C. (K. and S. method). 
Soft paraffine wax is understood to fuse below, and hard paraffine wax above 50* 
C. The crude wax flashes lietween IfiO and 165° C. Jts specific gravity varies 
with the fusing-point, ranging between 0880 and 0.915. 

The tur produced from Messet lignite is treated in a similar manner, l>ut only 
the first fraction of the tlisLiliate is refined with chemicals, u.smg approximately 
2 per cent of sulphuric arid and 3 per rent of caustic soda. 


After the chemical treatment, the acid and soda sludges are settled 
off. The acid sludge is lioilod with steam in lead-lined vessels, which 
decomposes it into pitch and sulphuric acid (30 lo 40° Haume). This 
acid has a dark brown color and is used for decomiwsing the sotla sludge 
into creosote oil and sodium sulphate (glaulicr salt). The impure ercosote 
containing tarry mattei-s is mixed with tlie pitch sci)arated from the acid 
sludge, and after washing with water to remove all traces of acid and 
alkali, the mixture is distilled with su|x*rlicated steam. The purified 
lignite creosote is i*ecovere<l as distillate (having a sjieeific gravity of 
0.040 to 0.980, and yielding 50 to 70 i«*r cent soluble in caustic soda) 
and the lignite-tar pitch remains as residue. The extent to which the 
distillation is continued regulates tlie hardness and fusing-]H)int of the 
pitch, wliich is much liardor in consistency than that obUuned from the 
direct distillation of lignite tar.* 


Lignitc-tar pitch is charactcri/.ed l»y the presence of phenols giving the diuzo 
reaction, tho absence of anthracene (u-^ (let(‘riiiinc(l by the anthraijiiinone te.st), 
the al>sence of insoluble carboimceous matter, the presiuicc of small (|uantitie.s of 
paraffine wax, ami the fact that it is largely soluble m 88° naphtha. These te.sts 
distinguish it from eoal-bir products. 

According to Oraefe," lignite-tar pitch is almost completely soluble in benzol 
and turpentine, and les.s soluble in iietrolcmn ether or naphtha. Domith and Mar- 
gosches'' re|)ort that lignite-tnr [iitch is partly ilissolvisl on boiling with a solution 
of alcoholic pobtsh. 

'■’Ditf by Dr Kil Grarfc UaIIi- n .‘4, IDOfi. " Die Ilraunkohlfn- 

teorproUukin uixl ita« by Dr W SohoiUiniixr, 1«07. " IVat and l.ijiiatr, Thtar Manufacture 

and I’sea in Kiirop**," by H Sj-'ironi, Hepurt !!•. D'^pt of Mines, (Miaviti. Canada. lOOH, “Die 
Sehweltwre, Ihrc C.cwinnunn mid VcrurlMatunir.” by Dr W Sch.aihnucr, IDU. "Shale Oila and 
Tari,” by Dr. W Srheithauer, London, 1913, “Peat, I.iftnite and Coal,’ by B F HaanH, Kf- 
port 299, Dept of Mines, Ottawa, Canada, 1913. “Methixls of t’liliiiiiK J.i|{nne,” by S M 
Dariinir, J Oiu ISl. 4.'Vrt, 19ir); “The Investigation of Sit Samples of An)erta I.ii{mte«,'' 

by Haanel and Hliiard. Ketmrt 3:11. D<'pt. of Mines, Ottawa, Cauaila, 1915; "The Brown Coal 
Distillation Industry of Germany,” by D R. Steimrt, J. Soe. Chrm. Jnd , If, 167, 1917. 

* “ Laboratoriuroabuch !Qr die Rraunkohlenteer-lnduatrie," p 139, 1006. 

*C*«ai. Ind., IT. 230. 1004; also J. Soc. Chtm. /nd., tt. 541, 1004. 
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Lignite-tar pitches conform with the following tests; 


(T«t 1) Color in duui . DUck 

(Toot 2) Homogeoeity. Coiform 

(Tnrt 3} Appearanoo aurfacoagotl lodoora ooe week. Dull 

(Taot 4) fracture. ConchoidaJ 

(Tett S) Luitre.Wry bright when froah 

(Teit 6) Streak on porcelain. Black 

(Teet 7) Specific gravity at 77* F. 1 05-1 20 

(Teat. 9e) Hardness at 77* F. coDiiatometer . 10-100 

vTeat dd) Susceptibility factor. OreHier than 100 

(Teat 10) Duciilily. Vunnhh* 

(Test 13) Odor on heating. Charoeieristifi 

(Test I4a) Behavior on melting. P(u>soi rapitlly from a solid 

into a lujuid fUta 

(Test 15o) Fusing-point (K. and S. method). 00- 250° F 

(Test 16) Volatile matter.Variable 

(Test 17o) Flash-point.I’aually above 250* F. 

(Test 10) Fi*ed carbon. . 10 40% 

(Test 21a) Solubility in carbon disulphide. 05-00% 

(Test 215) Non-mineral matter insoluble. 0^ 2% 

(Test 21e) Mineral matter. . ■••• 0-1% 

(Test 22) Carbenes. . 0 5% 

(Test 23) Solubility in J'.S* iiaphthn . 75-95‘‘o 

(Test 25) Solubility in other solvents .Lurg-ly soluble in bensol 

and turpentino 

(Test 28) Sulphur. .. .‘h*'* 2 J 

(Test 30) Oxygen in non*n)ineral ninttor.2-5% 

(Test 31) FriH? carbon ••• Trace 

(Test 32) Naphthalene.Absent 

(Tost 33) Paraffine. 1-5%) 

(Test 35) Sulphonntioii rcvidiie. 5-15% 

(Test 37) Saponifiable constituents. . 0-5% 

(Test 41) Dinzo renctuui . .... Yes 

(Test 42) Anthraqmnone reaction .. 

(Test 43) Liel>erinann-Storcli reaction ... No 


Lignito-tar pitch is distinguishc<l from wood-tar pitcli hy its nwocinf^d sulphur 
and paraffine wax; from coal-tar pitch by its almost complete solubility in l>en*ol 
apd carbon disulphide; and from asphalt, resin jiitch and fatty-acid pitches by 
the diazo reaction. On destructive di.stiilation, lignitc-tar pitch yields an oily 
distillate free from acid, whereas wood-tar pitch yields an aqueous distillate with 
an acid reaction.* , » » • • 

In Germany, where practically all of the lignite-tar pitch is piwiuced, it is 
used extensively for manufacturing cheap paints in consequence of its solubility 
in petroleum distillates. 

I *' DUlinetion between IJgnite Piteb and Other Pilehes,” by K. Orsefe. C/irm. Zrii.. 10 , 208, 1006; 
“ Native and Artificial Asphalts," bv J .Marcussun an«l U. Kiekniann. ('hem. Hr ■ FeU.-Uart-Ind . II, 
315. 1908; " Identifying Asphalts." by J Mamissnn, Chrm. Ktr FcihUart-inH., II. 47, 1011: y. 
See. Cktm. /nrf, W, 480, 1911; •'Chemieal Compiisitnm and Fxantinatkia of Natural and Artiflrial 
Asphalts," by J. Marcussoo, Chem. Ret. Fett-Uarulnd,, II. 160, 1912, 





























CHAPTER XVI 


SHALE TAR AND SHALE-TAR PITCH 

The most important deposits of asphaltic and non-asphaltic pyro- 
bituminous shales have l)een considered in Chapter XII. Scotland is 
the home of the “ shale oil ” industry. According to Bacon and Hamor * 
four large Scottish companies are operating at present, with works at 
Pumpherston, Oakbank, Roman Camp, Broxburn, Dalmeny, Bathgate, 
Uphall, Addiewell, Deans and Seafield, Scotland. At Dorsetshire, 
England, slialcs arc also being worked. 

They arc mined in the same manner as bituminous coal, by driving 
shafts, and then extending drifts radially. Considerable timbering is 
necessary, on account of the softne.ss of the shale. When the seams are 
over 4 ft. in thickness, they are mined by the “ pillar ” and " stall ” 
method, and when less than 4 ft. thick, by the " loiigwall ” method. 

The mineral as minal is hauled to the surface by power, and then 
run through a breaker, where the masses arc broken into lumps measuring 
4 to 6 in. in diameter. The breakers consist of a number of toothed 
iron discs mounted on two shafts revolving in opposite directions. The 
shale upon being crushed to the proper size, is next conveyed up an incline 
to the top of the retort. 

Retorts Used for Distillation. The retorts used have been modified 
from time to time to increase their efficiency, ackl to their durability, 
hasten the speed of treatment, or to improve the quality of the output. 

The basic principle underlying the modern retort was embodied to 
the patent originally granted to Young & Beilby,* illustrated in Fig. 83. 
This consists of four vertical cylinders mounted together, with a common 
hopper above. The upper portion of each cylinder is constructed of metal, 
and the lower portion of fire brick. The distillation takes place in the upper 
part of the retort where the shale is heated to 900° F. The shale is then 
subjected to a higher temperature (1300° F.) in the lower portion, which 
is in reality a gas producer, steam and air being admitted to convert 
the carbonaceous residue into carbon dioxide and carbon monoxide. 
This generates sufficient heat to effect the distillation in the upper portion 

’’'Americaa Fftroi^'um lodustry,** Vol. 2, p. 81(X 
*Ed|. Pat. No. 4284 of 1881. 
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of the retort. 'The admission of air is carefully regulated to maintun 
the required temperature, without causing excessive combustion of the 
by-products. The steam also serves to convert the nitrogen into ammonia. 

The charge gradually passes downward in the retort at a speed regu¬ 
lated by the periodical removal of the spent shale below.. This type was first 
used at Oakbank, but was open to the criticism that it was difficult to 



From "The AroeiicM Petroleum Induetry,” by B*con aud lUmor. 
Fro. 83.—Young & Bcilby Retort for Distilling Shales. 

control the temperature of the upper and lower portions respectively. 
Thus, if the lower portion became too hot, the shale would fuse and the 
retort become chocked up. This resulted in several modifications forming 
the basis of the modern retort which is embodied in four different types, 
viz.'; 

Pumphenton Tnw <»> ReWr* “**<' •* Pu®P>>er»'<«h Oskbsnk, Dilmeny Deans 
and Seatleld, ScoUand. This was disclosed in Eng. Pals. No. 8371 of 1894, and 
No. 7113 of 189.5, granted jointly to Bryson and Fraser (of the Pumpherstoa Oil 
Co., Limited) and to Jones (of the Dalmeny Oil Works); also Eng. Pat. No. 4249 

■ "Amoieu Prtioleam IndaMir," by Bacon and BanK*, Vol 3. p. SlSi al«> "Sbala OOs 
Dad Ttrt." by 8cb«tbftuer« p. 41. 1913. 
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Eio. 84.—Puraphcrson Retort for 
/‘Distilling Shales. 


of 1897, granted to Bryson. Tlie shale is 
prevented from fluxing and choking up 
the retort by keeping it moving continu¬ 
ously instead of intermittently as in the 
Young and Beilby retort. This is brought 
about by supporting the column of shale 
on a disc, from which a revolving scraper 
discharge.s the consumed shale into the 
hopfwr l>elow, Tliis retort is illustrated 
in h'jg. 84. The shale is introduced into 
the charging hopper, c whence it passes 
into the up{>er east-iron portion of the 
retort a in which the actual distillation 
takes place. The shulo then slowly works 
iUs way into the lower portion b, con¬ 
structed of fire-brick, and finally into the 
lower hopper d extending underneath sev¬ 
eral retorts, converging m such a manner 
that a single line of rails running below 
the centre will pennit the exhausteil shale 
to discharge into small cars, e represents 
the metal disc at the bottom of the retort, 
and i tlic revolving arm or scraper. Steam 
is introduced into the lower portion of 
the retort b a short distance above tlio 
disc c, and the ga.scou.s products of distil¬ 
lation are burne<l w’ith air in the external 
flues to maintain the retort at the proper 
tem|K>ruturc. 

Young and Fyfe Type of Retort used 
at Bathgate, Uphali and Addiewell, Scot¬ 
land. 'Hus is embudied in Kng Pats. No. 

of 1R97, and No 15,2.38 of 1899 
issued to William Young and John Fyfe, 
and consists of a large multiple charging 
hopper bolted to a vertical metallic section 
which in turn connects with a lower fire¬ 
brick section of the same diameter, having 
a spacious combustion chamber at the 
bottom. 'Phe shale is introduced con¬ 
tinuously into the retort from the hoppers 
by means of two sets of cams attached 
to rocking-shafts which rise and fall alter¬ 
nately, thus obviating the stoppage of the 
retort due to the shale fusing fast to the 
entrance of the metallic section. A me¬ 
chanical device is also provided at the 
lower end of each retort to effect a con¬ 
tinuous discharge of the spent shale into 
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the combustion chamber, which receives the spent shale in a highly heated con¬ 
dition, and enables the carbonaceous mutter to be consumed by introducing steam 
and air. The danger of the shale fluxing and attaching itself to the side-walls 
of the retort is thus minimized. 

Henderson Type of Retort used at Roman Camp and Broxburn, Scotland. 
This is described in Eng. Pats. No. 6726 of 1889, and 20,647 of 1901, granted to 
N. M. Henderson (of the Broxburn Oil Co., Limited), and illustrated in Fig. 85. 
Four retorts are mounted together. The upper cast-iron portion (a) is supported 
directly by the fire-brick section 6, the joint between the two being formed so 



Fia. 85.—Henderson Retort for Distilling .Shales. 


as to obviate leakage, which is the source of more or less trouble in the other 
types. This retort is made comparatively long to heat the shale gradually and 
thus diminish wear and tear on the lining. The column is kept in continuous 
motion by a pair of revolving toothed rollers i at the Isittom, which discharge 
the spent shale into a metal hopjier d, whence it passes into small cars. The gases 
escape through the flue e into the pipe /. The yield of ammonia is high and the 
recovered tar of good quality. 

Del Monte T^P* Retort Used at Dorsetdiire, England. This retort is heated 
internally by burning a portion of the non-eondcnsablc gases in a flue extending 
through the centre of the charge of shale. The retort is inclined at an angle of 
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16° to the horitontal, and the shale introduced at the lower end and worked up¬ 
ward by a spiral screw. The non-condensable gases are passed into the upper 
portion of the retort together with sufficient air to support combustion and forced 
downward to the cooler end where the products of distillation are partly con¬ 
densed by coming in contact with the cold shale. The shale is distilled at the 
lowest possible temperature, for the purpose of increasing the yield of tar.' 

Methods of Recovering Shale Tar. The vapors leaving the retorts 
are first passed through an “ economizer,” consisting of a tower filled 
with pipes, around which cold water is circulated and thus preheated for 
use in the steam boilers (see Fig. 60). The vapors are then passed 
through an air-condenser (Fig. 59) which separates most of the tar and 
ammoniacal liquor. They are next passed through a scrubl)er (filled with 
a checker-work of wood), and finally through a naphtha scrubber where 
they are washed with the “ intermediate oil ” obtained in distilling the 
shale tar (having a high boiling-point and a specific gravity of 0.84 to 
0.86) which extracts any light naphtha not previously condensed (about 
2 gal. per ton of shale). The naphtha is separated from the scrubbing 
oil by heating the mixture moderately in a still, and condensing the 
distillate (having a specific gravity of 0.73). 

The crude tar and ammoniacal liquor are allowed to stand in a suit¬ 
able container, whereupon the tar rises to the surface on account of its 
lower gravity, and is drawn off. The crude tar is generally termed 
“shale oil,” but this name is just a.s inappropiiate as the expression 
“oil shale,” often used to designate the shale (see p. I.IS). 

Products Obtained and Their Yields. Upon dcstruetivcly distilling 
the Kimmeridge Shales of England and the Ix)thian Shales of Scotland, 
the following products are obtainctl; 

(1) Non-condensable gases, averaging 3000 cu. ft. per ton. 

(2) Ammoniacal liquor yielding an average of 45 lbs. ammonium 
sulphate per ton. 

(3) Shale tar, averaging 25 gal. per ton. 

(4) Light naphtha, averaging 2 gal. per ton. 

(5) Spent shale, averaging between 80 and 85 per cent of the raw 
shale, and containing approximately 2J per cent unconsumed carbon. 

The non-condensable gases are burned under the retorts, and the 
spent shale discarded, as it has no further value. The valuable products 
are the light naphtha, the shale tar and ammonium sulphate. 

The ammoniacal liquor separated from the tar is treated with steam 
under a pressure of 20 to 30 lbs. in a tower filled with baffle-plates. The 
liquor is run in at the top and the steam introduced at the bottom. The 

* W. B. Mtnifitld, /. Intt. Ttthn.f t. lOS, 1919: 191, 194. 1919. 
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ammonia is expelled in the gaseous state and recovered by passing it 
into sulphuric acid contained in a vessel known as a "cracker box." 
The acid used for this purpose is usually the waste product from the 
refining process. Crj'stals of ammonium sulphate separate when the liquor 
becomes sufficiently concentrated, and after being dried are marketed 
as such. In this manner the ammonia is separated from the other nitro¬ 
genous bases, including pyridine, containcrl in the aqueous liquor. 

The following table gives the minimum and the maximum yields of 
dehydrated shale tar in gallons, and ammonium sulphate in pounds per 
ton of shale, obtained from the most important shale deposits in different 
parts of the world.* As a matter of interest, figures arc included showing 
the yields from grahamite (West Virginia), albertite (New Brunswick), 
stellarite (Nova Scotia), coorangeite (Australia), tortwinite (Scotland), 
and pycopissite (Halle, Gennany), although these arc no longer distilled 
commercially because most of the deposits have long been exhausted. 


! 

Yield of ."^hale Tar i 
(in (iHlInliK) 

lietd of Ammonium 
.‘Sulphate (in Pounda). 

Grahamitr (W«*flt Virginia). 

170- 200 


Albertitf (New BriinHwick). 

00-112 

05 




'rorbnnite (ScoUaiitl) . j 

00-1.JO 


Coorganitv (Australia) ... 

80-120 


Pyropissitf (Halle. Germany). . 



Lothian shalt (Scotland) ... 

10 .’>.1 

0-70 

Kimmcridgc shale (England) 

10 40 

10 50 

Cooraiigilic shale (.NVw South Wales) . . 

14 I 'H) 

20 30 

Orepuki shale (New Zealand). 

20 40 


Albert shale (New Brunswick) . 

30 r,\ 

07 lit 

Arcadian shale (Nova Scotia) 

4 2.3 

9 40 

Shales (Eastern United States).. .. 

4 4 .*) 

0 10 

Utah shales 

fi 10 

40 50 

Colorado and Wyoming shalcN . . 

10-08 

22-34 


Properties of Shale Tar. Shale tar usually appears black in mass 
with a greenish fluorescence. It is similar in composition to lignite tar, 
although differing from the latter in containing a larger percentage of 
nitri^en (1.1 to 1.5 per cent). Members of the paraffine and olefine 
series constitute 80 to 90 per cent by weight of the tar, and small 
quantities of cresols and phenols are present. 

Dehydrated shale tar tests as follows; 

(Te« I) Color in .. Btownl.1. block with o 

greenUb fluoreMesM 

<Te«l 7) Sprciflfl gniTity « 77» .. O.M-O.M 

i**Ainerio*i) Petroleum luduetry,” by B*con end lUmor, Vol. 3. p. 832; *'011 Reeourew ot 
Bluck 8h»le* of the EMtero United Bute*,” Q. B. Ashley, BuUeUa Ml-L, U. 8. Oed. SttrT«y» 
Wash., D. C.. 1917. 
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(Tmt 9) 
(Test 16a) 
(Tost 16} 
(Teit 17a) 
(Teat 19) 
(Test 21a) 
(Test 216) 
(Test 2K) 
(Test 22) 
(Test 23) 
(Test 28) 
(Test 29) 
(Test 30) 
(Tost 31) 
(Tost 33) 
(Tost 35) 
(Test 37) 
(Test 41) 
(Tost 42) 
(Test 43) 


Hardness or consistency. 

FusioS'point (K. and 8. method).... 
Volatile matter at 300* F.. 4 brs... 
Flash-point (Pensky-MartODS tester) 

Fixed carbon. 

Soluble in carbon disulphide. 

Non-mincrai matter insoluble. 

Mineral matter. 

Carbones. 

Soluble in 88* naphtha. 

Sulphur. 

Nitrogen. 

Oxygen. 

Free carbon. 

Paraffine. . 

Sulphonatioo residue . 

Saponifiable constituents. 

Oiaso reaction. 

Anthraqoioone reaction . 

Liebormann-Storch reaction. 


.. Salve-like to buttery 
.. 60-90* F. 

.. 80-90% 

.. 20-00* F. 

.. 6-10% 

.. 08-100% 

.. C^2% 

.. 0-1% 

. 0-2% 

.. 96-100% 

. 1.5-2 5% 

.. Tr.-l% 

.. 1-5% 

.. 0-2% 

.. 5-15% 

.. 15-35% 

.. 0-2% 

. Yi-s 
.. No 
.. No 


The percentage of phenols contained in the shale tiir is very much smaller 
proportionately than that pre.sent in peat or lignite tars. Shale tar is distinguished 
from the latter by containing larger percentages of nitrogen and sulphur, and 
smaller percentages of oxygen, parufilno and phenols rc.spcctivcly. 


Refining of Shale Tar. Shale tar may distilled either inter¬ 
mittently or continuously. In cither ciise the process consists in heating 
the tar in a still to expel the moisture, whereupon either plain or super¬ 
heated steam is intitxlueed through a perforated pipe under a pressure 
of Iretween 10 and 40 lbs. The tar is evaporated to dryness and the 
following proilucts separated: 

(1) Non-eondcusable gases ranging from 1 to 2 cu. ft. for each gallon 
of shale tar. 

(2) Light naphtha having a specific gravity of 0.74 to 0.76. 

(3) So-called “ once-run oil ” or “ green oil ” representing the 
fraction between the light naphtha and coke. 

(4) A residue of coke approximating 3 per cent by weight of the 
shale tar. 

The steam is shut off towards the end of the distillation, after the 
“ once-run oil ” h.as piissed over. 

The stills used in Scotland are of the vertical type from 2000 to 2500 
gal. capacity, constructed of a hemi-spherical cast-iron bottom, and a 
soft malleable-iron cylindrical body to which Is attached a dome-shaped 
top bearing the exit pipe. Each still is connected with its own condenser. 

In the continuous distillation process tenned the “ Henderson Proc¬ 
ess”’ a battery of three horizontal stills and one vertical pot-still is used. 
The tar is first led into the middle still where the naphtha is distilled off, 


■ Eng. Pal. No. 13,014 ol 1883. 
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and the residue caused to flow continuously into the two side stills. 
These are heated higher than the centre still, causing the one-run oil 
to distil over continuously. (See continuous distillation of petroleum, 
p. 273.) The residues from these second stills are led into the pot- 
still, where they are evaporated to dryness, the distillate lieing condensed 
and united with the once-run oil. Several pot-stills are used, since the 
red-hot coke must be allowed to cool before it can be removed, which 
prevents this part of the process being continuous. 

The once-run oil is refined by agitating it with sulphuric acid at 100° 
F. by compressed air. The acid sludge is run off, the oil washed with 
water, and then treated in another agitator with caustic soda in a similar 
manner. 

The refined once-run oil is fractioned either by an intermittent or 
continuous steam distillation process, the following products being 
recovered; 

(1) Heavy naphtha varying in gravity between 0.75 and 0.77. 

(2) Illuminating oil, varying in gravity belwcen 0.78 and 0.85, and having a 
fiash-point of 125° K. 

(3) Intermediate or gas-oil varying in gravity l)ctween 0.85 and 0.87, and 
having a flash-point higher than 150° F. This is used for manufacturing water- 
gas or enriching illuminating gas (p. 231). 

(4) Lubricating oil having a gravity from 0.87 to 0.91. 

(5) Crude pamfline wax which is purified by re-crystidlixation or "sweating,” 
having a fusing-point between 110 and 130° F. 

(6) Still greiise, which represents the distillate posshig over at the close of 
the distillation. 

The various distillates, with the exception of the still grease arc 
refined further with sulphuric acid and caustic soda, similar to the method 
used for treating the once-run oil. The cnule paraffine wax is refined 
by the sweating process as described on p. .‘1(17. 

The following yields are obtained from Scotch shale tar: 

Heavy and light naphthas. . 3*4% 

Illuminating oil . . 20 30% 

Intermediate or gas-oil. . . . 10-2S% 

Lubricating oil. . .14-20% 

Soft parafRne scale. . . 3 4% 

Hard paraffine wax. . 7- 0% 

Non-condensable gases . .... 3 5% 

Acid a^d soda sludges and losses. 20*26% 

The acid and soda tars obtained from the various refining processes 
are mixed together in such proportions that the free acid and alkali 
will exactly neutralize each other. The resulting sludge is ordinarily 
used as fuel for the stills, but experiments have been made to convert it 
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into pitch suitable for use as a wood preservative, pipe-dip, or the base of 
bituminous paints. Comparatively little has been accomplished in this 
direction, probably due to the fact that other products are available 
for these purposes, costing but little more and possessing superior weather- 
resisting properties. " Shale-tar pitch,” is very similar in its physical 
properties and composition to lignite-tar pitch (see p. 215). 



CHAPTER XVII 

COAL TAR AND COAL-TAR PITCH 

Under the headings “ Coal tar ” and “ Coal-tar pitchwill beincl uded 
the tars and corresponding pitches recovered as by-products from bitu¬ 
minous coal in; 

(1) Gas works; 

(2) Coke ovens; 

(3) Blast furnaces; 

(4) Gas producers. 

Water-gas tar and water-gas-tar pitch have been included by some 
writers within the scoi* of tlie terms coal tar and coal-tar pitch respec¬ 
tively, but in this treatise they will be considered separately since they 
differ in their composition and properties, due to the use of petroleum 
products in their manufacture, as descril)ed on p. 258. 

It is estimated that of the total production of coal tar in the United 
States in 1916 (aljout 225,000,000 gal.), 22 per cent (or 50,000,000 
gal.) was obtained as a by-protluct in the manufacture of coal gas 
in gas-works, and the balance as a by-product from coke ovens. The 
amounts obtained from gas producers and blast furnaces arc practically 
negligible. The three main sources of coal tar in the order of their 
importance are: first, coke-oven coal tar which is continually increasing 
in quantity; second, horizontal retort gas-works coal tar, which has not 
materially increased during the past few years on account of the growing 
popularity of water gas; and third, a comparatively smaller, but gradually 
increasing amount of vertical retort gas-works coal tar. 

Bituminous coals only are suitable for the production of coal tar. 
Cannel and anthracite coab will not answer, since the former distils 
at too low a temperature, and the latter contains insufficient volatile 
matter. Experiments show that cannel coals from Missouri and Illinois 
on distillation yield 28.1 to 69.7 gal. tar and 3500 to 8100 cu. ft. rich 
gas per ton. Between 450 and 500° C., the maximum gasolene is pro¬ 
duced, between 550 and 650° C., the maximum kerosene, and above 
650° C. soft paraffines, heavy lubricating oils, kerosene and asphalt- 
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like bodies.’ Bituminous coals are known as " gas coals ” when used 
for manufacturing illuminating gas, and “ coking coals ” when used for 
coking. Western Pennsylvania, West Virginia, Virginia, eastern Kentucky 
and Tennessee produce most of the bituminous coals used for these pur¬ 
poses, and they comply with the following characteristics: 


Air*dry Imi of eoarsc matfri&l. I -5% 

Moiature at 105^ C. (powdered roaterifll). 1 . 5 - 7 . 0 % 

Volatile matter on ignition. 20 -40% 

Fixed carbon. 50 -75% 

Aafa. *. . Less than 15% 

fiulpbur. Lcaa than 2% 

Hydrogen. 4.5-5 6% 

Carbon. 65 -85% 

Nitrogen. 1 -2% 

Oxygen. 5-15% 


Very little is known regarding the chemical composition of the bitu¬ 
minous coal itself, due to the difficulty in converting the coal into recog¬ 
nizable derivatives, and because of its slight solubility in the usual 
solvents for bituminous materials. On subjecting coal to high tempera¬ 
tures, the bodies present decompose into simpler substances which fail 
to give any clue as to their original structure and composition. Recent 
researches lead to the conclusion that coal is essentially a conglomerate 
of cellulose decomposition products admixed with altered resins and 
gums originally present in the plants from which the coal was derived. 

The substances having tlie highest solvent action ore pyridine,' which dissolves 
16 to 35 per cent by weight of bituminous coal; aniline,’ which dissolves 20 to 
40 per cent; phenol,* which extracts 25 to 40 per cent at a temperature of 110* 
C.; and quinoline,’ which extracts 30 to 50 [wr cent at its Iwiling-point. Anthra¬ 
cite coal is scarcely acted upon by these solvents.' 

A method has recently been devised for converting coal into soluble derivatives' 
by subjecting the hnely pulverized coal suspended in water to the action of ozone 
at room temperature. It is stated that at the end of two days, 92 per cent of 
the coal dissolves, forming a solution having a dark brown color. It would seem 
that some very promising results may be obtained by this method. 

It has been shown’ that the soluble portion of bituminous coal when subjected 

("StudiM in the Production of Oils and Tars from Bituminous Materials,*' J. C. Ingram, 
6. of M. and Metallurgy, Univ. of Mo., Bull. 4, Vol 3. May. 1917. 

t Bedson, J. Soe. Chem. Ind . U, 730. 1809; Baker, J Hof Chtm. Ind, 10. 780. 1901: 27. 147,1008; 
“The Action of Solvents on Coal," Anonymoti-*, J Soe. Chem. Ind. 21, 1130, 1916, A. Wabi, "Th- 
Solvents of Coal." Bull. Soc. Cbim , 21, 76. 1017. 

* Vignon. J. Soe. CKtm. Ind., U, 633. 1914. 

t Fraser and Hoffman, Tech. Paper 5, Bureau of Mines, U. S. Dept, of Interior, Wash., D. C., 
1212: Parr and Hadley, J, Soe. Chem., Ind. 24, 213, 1915. 

« Vignon, J. Soe. Chem. Ind., 22. 633, 1014. 

• /. Soe. Chem. Ind., 22, 634. 1917. 

»Frans Fisher, Ber., 42. 1472, 1916; 101, 296, 1917; J. Ind. Eng. Chem., % 

620. 1917; Chem. Abe., It, 1739, 1017. 

tOarka, Wheeler and Piatt, CAem. Soe. Trane., 108. 1713, 1913; J. Soe. Chem. Ind., $t 
MO, 1013. 
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{o destructive diirtillation yields petroleum-like bodies, whereas the insoluble portiob 
yields phenols and their derivatives.' 

D. T. Jones' examined the tars derived from the destructive distillation of 
bituminous coal in vacuo at very low temperatures (below 450° C.). These were 
then subjected at atmospheric pressure to successively increased temperatures up 
to 800° C. Unsaturated hydrocarbons, naphthenes, paraffines, phenols, aromatic 
hydrocarbons and pyridines were found to be present in the low-temperature tar, 
whereas benzol and its homologues, naphthalene, anthracene, phenanthrene and 
the solid aromatic Ixslies were absent. As the temperature was increased, tlio 
naphthenes, paraffines, and unsaturated hydrocarbons were transformed into olefine.s. 

As the temperature was further increased, the olefines were in turn transformed into 
benzene and its homologues. The percentage of olefines appears to reach a maxi¬ 
mum at 550° C., and a minimum at 750° C., at which latter temperature hydrogen 
and naphthalene are rapidly evolved, as well as methane. The conclusion reached 
is that ordinary coal tar obtained from bituminous coal at high temperatures results 
chiefiy from the decomposition of the tar previously formed at lower temperatures. 

The commercial processes for obtaining coal tar will now be considered. 

Production of Gas-works Coal Tar. In manufacturing illuminating 
gas, bituminous coal is heated in comparatively small fire-clay retorts, 
of D-shaped, oval or round cross-section aliout 10 to 24 in. in diame¬ 
ter. The D-shaixid retort is ordinarily used in modern gas-works because 
it is least li.able to distortion under the .action of heal, and moreover 
presents the greatest area at its base, enabling the contents to bo 
heated more rapidly. In some cases the retorts arc “ single-cndtal,” 
measuring 8 to 9 ft. in length, but modern practice favois the use of 
" double-ended ” retorts compo.scd of three sections joined together, 
measuring 15 to 25 ft. over all. In the single-ended retort a metal mouth¬ 
piece is liolted to one end, to which in turn the gas outlet pipe is fast¬ 
ened. With the double-ended retort, metal mouth-pieces are lioltcd fast 
to lx)th ends. From 6 to 9 retorts are set together in a common brick 
setting, constituting a “ bench ” which is heaUai by a single furnace. 

The retorts are supported in either a horizonlal, inclined or vertical 
position. The inclined or vertical retorts srem to meet with greater 
favor since they avoid overheating, prevent the fonnation of “ free 
carbon ” in the tar, and at the same time pennit the coke to lie handled 
by gravity. The vapors leave horizonlal retorts at COO to 800° F. and the 
vertical and inclined retorts at 3(X) to 400° F. 

The retorts are heated with water-gas obtained by passing air and 

>8ec also Jonri sdcJ Wborlcr, CA«m 8oc. Trans, lOT, 1318, 1018, / 3oe. Chtm. Ind., $ 4 , 
1043. 1915. 

>*°Tb« Tbfrmal Dveomposition of fx)W Temperature Coftl*tar.” J. tiae. Chrm. ind, M. 3, 
1017; ace also **Tbc Primary Vo1atii« Product# of the C'arboitiiatioa of Ckfal." by H. C. Porter, Chtm, 

11. 2537, 1017. 
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steam through incandescent coke beneath the “ bench.” The coke used 
for this purpose is derived as a residue from a previous charge of bitu- 





minous coal, amounting to 15 to 25 per cent of the total coke produced. 
The water-gas is burnt in flues surrounding the retorts and the process 
af combustion controlled by the introduction of air. This method of 
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firioK results in a higher and more uniform temperature with the mumnum 
consumption of fuel. The temperature in the combustion chamber 
ranges from 2800 to 3200® F., and in the flues surrounding the retorts 
from 1900 to 2200® F. An improved installation of horizontal retorts 



f Pio. 87.—Inclined Gas-Works Retort. 


is shown in Fig. 86, inclined 
retorts in Fig. 87, and vertical 
retorts in Fig. 88. Continuously 
operating vertical retorts are now 
being adopted extensively, in 
which the coal is fed through 
the retort in a constant stream, 
the coke being withdrawn con¬ 
tinuously at the bottom. These 
include the Woodall-Duckham 
and Glovei^West types. 

Formerly the retorts were 
charged and discharged by hand, 
using a shovel and rake respect¬ 
ively. Mechanical devices are 
now used for the purpose, the 
double-ended horizontal retorts 
Ireing charged at l)oth ends with 
a scoop fed from an overhead 
hopper, operated either by com¬ 
pressed air or electricity. Al)Out 
600 lb. of coal are introduced 
into the double-ended retort, and 
subjected to heat from 3 to 6 
hours. The inclined and vertical 
retorts are charged through the 
top and discharged by gravity 
from the lower end. Horizontal 
retorts are discharged by a 
pneumatic or an electrical driven 
ram, which forces out the coke 
at the farther end. Inclined 


retorts are set at an angle between 25 and 35® which is sufficient to 
enable the coal to feed into the lower end, where it is held in place 
by a metal cover. In the inclined and vertical types the volatile constit¬ 
uents are withdrawn from the upper end. 

The vapore are subjected to the highest temperatures in the hoii- 
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K)ntal retort, due to the longer contact with the heated internal eurfaces, 
which results in a larger percentage of free carbon, and a tar of higher 
specific gravity. 

Methods of Recovering Gas-mrks Coal Tar. The volatile products 
pass from the retort into the hydraulic main (see p. 174), which forms a 
water-seal, permitting any retort to be charged, and at the same time 
preventing the gas generated in the other retorts escaping through the 



Fio. 88.—Vertical Gas-Works Retort 


open one. The hydraulic main reduces the temperature of the vapors 
to 130 to 160“ F. 

The methods for separating tar from the gaseous constituents have 
already been described on page 174. After leaving the hydraulic mai}r*“ 
the vapors are subjected to the following treatment in modern gas-works; 

(1) The gases are passed through a “primary condenser” which may either be 
airw»oled or water-cooled, or both (see p. 175). 

(2) The gases are then passed through a tar-extractor, usually of the P. A A. 
type (Fig. 69). 
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(3) Next passed through an exhauster to relieve the pressure on the retorts 
and force the gases through the ensuing train of apparatus. 

(4) The gases are next passed through two “scrubbers” (p. 177), preferably 
of the rotary type illustrated m Fig 6.> In the first scrubber the gases are washed 
with a heavy tar oil, such as anthracene oil, to remove the naphthalene, and in 
the second with an alkaline solution of ferrous sulphate to remove the cyanogen 

(5) 'I'he ga-ses are then cooled to aliout 00® F. by passing them through a 
“secondary condenser,” similar to the first one. 

(6) The ammonia is next removed hv pjuwing the g:uses through a third scrublier 
through whii’h a stream of water is allowed to trickle Formerly a tower «crublx‘r 
filled with a checker-work of wooilen l)Oards (Fig 0.3) was u.sod for this |)ur|M)se, 
but this is liemg rep!ace<l 1>> a rohiry scrubln'r similar to that used for extrai'ting 
the naphthalene and cyanogen 

(7) The la.st .stop consists in paa^ing the gases through a series of “purifiers," 
consisting of low cylindrical chamlx*rs filled with trays or sieves. Some of the 
purifiers arc filieil with slakeil lime to rcunove car)>on dioxide and a t>ortion of 
the sulpluir com()oun<ls, and others with iron oxide to remove the remainder of 
the sulphur <*oiu|)ounds (mostly hydrogen sulphide). 


The following percentages of tar an* collected from the liydranlic 
main, condenser, wjtsher and scruhher, also the tar extractor resiKMdively: 


lly<lruiilic niiiin 
Comlcn-'WT 

Wart)i«-r ami porubtxr 
Tar oxtractor 


Ci% 

12 % 

l'>% 

12 % 


Total 


100 % 


'l'h(‘ oix'nitioiis whicli take pkuo in tli<- finiil limidliiiK of illuruinnliiig gas 
before it eiitei-s the mains, eeius*' to 1)0 of interest in relation to tlic pro- 
(iuetion of tar, and will aeeordingly lie omitted. 

In the I'nited States, tcmix>ratntes to which the retorts are heated vary 
from 9()0 to 1.500° C. Between iKH) anil KKK)° C. is known as low tem¬ 
perature treatment, from KKKt to 11(K)° medium temperature, and from 
1100 to 1500° C. high temperature treatment. In England the average 
temperature is 1100° ('. In (lermany horizontal retorts are heated 
between lOtK)and 11(X)° (’., and inclined retorts lictween IKK)and 1200° (’. 
The quantity and yield of the tar de|)end largely upon the temperature 
(see p. 108). In the low temperature priKluction of illuminating gas, 
an average of 16 gal. of tar is prodiieed per ton of eoal, and in high 
temperature processes an average of 8. The maximum variation ranges 
between 4 and 20 g.al. of tar per ton. High-temperature proeesses are 
preferable, as they inereiuse the yield of gas, but have the disadvantage of 
reducing its illuminating power. It is often necessary, therefore, to enrich 
the illuminating gas resulting from the high temiierature processes by one 
of the following methods: 
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(1) Heating the gas with a portion of the tar recovered during 
its manufacture, either by passing both together through superheaters, 
or eis$ cracking the tar alone and then mixing the resulting pennanent 
gases with the low illuminating power coal gas. 

(2) Jdixing the coal gas with oil gas obtained by cracking crude 
petroleum at a high temperature. (See p. 259). 

(3) Saturating the coal gas of lower illuminating power with vapors 
of volatile hydrocarbons such as Ixtnzol, etc. 

(4) Mixing the coal gas with carbuietted water gas. (See p. 2.56.) 

The following represent the yields from an average grade of bituminous 

coal in manufacturing illundnating g!is. 

Gu. 17% 110.000 cu.lt) 

Aqueous liquor. 8% 

Tm. 5% 

Cok.-. 70% 

Total. 100% 

Of course, these figures are sulijcct to variation, and depend upon 
the quality of bituminous coal used, the temperatuie at ivhich it is dis¬ 
tilled, etc. Thus the yield of gas per ton of rich coal will vary from 
6000 to 15,000 cu. ft., ajid the residual coke from 55 to 75 per cent. 

The illumimiting power of the gas dc{)ends u{>on tlic quantity of hydrocarbons 
present, including both unsaturated and naturated. 1')ic hydrogen and carbon 
monoxide act os comlaistildc diluents, and do not contribute to the luminasity 
of the 6ame. The carbon dioxide, nitrogen, and oxygen may Imj regarded as im- 
puritira. The chief unsjituratod hydrocarl >ons present arc ctliylciic, butylene, acet¬ 
ylene, benzol and naphthalene, and the chief saturated hydroearlions are methane 
and ethane. In certain ciwscs licnzol U extracted from the <‘oal gas, licing marketed 
ftB “gas-benzol,” which constitutes a most vahialde raw material for manufacturing 
<»al-tur dyes, chemicals and drugs. High-grade gas coal yields approximately I to 
1 per cent by weight of gaa-l)cnzol, equivalent to 2-3 per cent by weight of the 
cool gas.^ 

The aqueous liquor, known as “g.as liquor,” contains a series of ammonium 
sompounds dissolved in water, including the sulphide, carlx)nate, chloride, thio- 
Tyanide, sulphate, thiosulphate and ferrocyanide. The ammonia is derived from 
ihe nitrogen in the coal, only part of which is carried in the aqueous liquor. The 
dllowing table will i^ve a general idea of the distribution of nitrogen among the 
rarious products of destructive distillation: 


Nitrogen In gM. 0 72% 

Nitrogen in tqueoua Uqnof: 

Ae ammonU. 14 60% 

As eynnidee. . .. I 66% 

Nitrogen In Ur. 34 64% 

Nitrogen In coke. 48 68% 


100 . 00 % 

>A9pM>ee, Soe. Cium. /ad., U. 636. 1917. 
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The tar collccttni from (lie h}’<fraulic main, condenser, washers and 
scrubbers fe run into wells construrtiHl of metal or masonry, sometimes 
heated witlt steanwoils (p. ISl) and nlloweil to settle as long as possible, 
to permit the a(|ucous liipior, whirh is lighter than the tar, to rise to the 
surface, where it is drawn off and treated se|sirately to recover the 
ammonium compounds. The well-settled gas-works tar carries lietween 
4 and 10 per cent of water. In c.vceptional cases the water may run as 
high as 40 per cent, although this is not regarded with favor. The settled 
tar is shipiicd direct to the distilling plant, where it is dehydrated. 

Production of Coke-Oven Coal Tar. As staterl previously, aliout 78 
per cent of the eoal tar proiluced annually in the United States is 
obtained from coke-ovens eciuipped to recover by-pro<tucts. This only 
represents lietween 40 and .50 [er r ent of tlie total (|uantity of bitimiin* 
ous eoid converted into coke, llic remaining SO to 60 per cent is 
coked in brick “ licctiive ” ovens, constnicled in the fonn of a beehive, 
and not adapteil to recover the gas, ammonia or tar, which are allowed 
to burn away through an oiiening in the topof the oven, thus constitut¬ 
ing a rccktc.ss waste of our natioiud resources, running into many millions 
of dollars annually. For years this wiisteful practice remained uncheckeil, 
but happily the iire-serit tendency is to replace the liechivc ovens with 
ty|)es adapted to recover by-prorlucts, and it is probably only a matter 
of a few years more before all the coke-ovens will lieeciuipped to recover 
the gas, ammonia and tar. 

In Furopcan countries, oti the other hand, where the tendency has 
always lieen towards a grciiter economy, coke-ovens have long liecn 
perfected to recover these by-products. In this connection it must be 
borne in mind, whereas it is .absolutely necessjiry to remove the tar in 
manufacturing coal gas for illuminating pur|)oscs, this does not prove to 
be the case where the cord is converted into coke for metallurgical indus¬ 
tries. This, and the comparative cheapness of bituminous coal in the 
United States, also the low price commanded by the by-products until 
recently, will account for the laxity in conserving them. 

The annual output of tar from by-product coke-ovens in the United 
States is given in the following figures: 


j ()07 .5.1,095,79.5 gallons 

,iK)8 42,720,609 “ 

1909 . 60,126,006 " 

1910 . 66,303,214 “ 

1911 69,410,599 " 

1912 94,.306,583 “ 

1913 .11.5,145,025 « 
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1914.109,901,315 gallons 

1916.138,414,601 " 

1916 (estimated).175,000,000 “ 

1917 (estimated).250,000,000 “ 

The by-product coke-ovens now used in the United States include 
the Koppers, Semet-Solvay, United-Otto, and Otto-Hoffman types. 
The Simon-Carv4s coke-oven is used to a large extent abroad, in addi¬ 
tion to the foregoing.* 

The temperature of coking varies between 1000 and 1200° C., and 
rarely above the latter inside the retort. The external temperature of 
the retort may run as high as 1700° C. According to White,** the adapta¬ 
bility of coal for coking purposes is indicated with a fair degree of cer¬ 
tainty by the ratio of hydrogen to oxygen, together with the percentage 
of fixed carbon calculated on the moisture-free basis. Practically all 
coals with an H : 0 ratio of 59 per cent or over, and less than 79 per cent 
of fixed carbon, possess that quality of fusion and swelling necessary 
to good coking. Bituminous coals with a ratio down to 55 will produce 
a more or less satisfactory coke but coats with a ratio as low as 50 are 
unsuitable for coking purposes. 

The present systems of by-product oven construction resolve them¬ 
selves into two types depending upon whether the flue construction is 
horisontal or vertical. In either types the coking takes place in a narrow, 
retort^haped chamber about 33 ft. long, from 17 to 22 in. wide, and 
about 6i ft. high. The width of the chamber averages 19 ft., which has 
proven suitable for completing the coking within 24 hours. The retort 
holds between 12 and 14 tons of coal. 

The ends of the retort are closed by means of iron doors lined with 
fire brick, which after being closed as tightly as possible are luted with 
clay to prevent the entrance of air. The coal is charged into the top 
of the oven, then pushed into place and leveled by mechanical devices. 
At the end of the coking, the doors are opened and the coke removed 
by a ram, the red-hot coke being immediately quenched with water. 

The number of ovens in a battery varies between 40 and 100, depend¬ 
ing upon the type of construction. The oven walls are constructed of 
fire brick containing about 95 per cent of silica, which on account of its 
very high fusing-point enables the ovens to be worked at high tern- 


Tin ol Um tJzkitod StotM," by Prtrctt Hubbwd, Cireulw 97, oC PubUo 
8. I>^ oi Agr.> Waah., D. C, Ftb. 7, 1919: '*By>pfodueta Raeovercd in the M«auw 
ImIw* <4 Cokt/' by W. R. CbUdi. Aai«r. iron wd Sitel Intf., N. Y.. Mty 20, 1910. 

• *'Tbo S8mI Oiygea M Bulletin Ne. 99, Bumn Minee, Week.. D. 1916. 
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peratures, and at the same time proves to be an excellent conductor of 
heat.* 

The coking in the by-product oven is in reality a destructive die- 
tillation process, the heat required being supplied by burning a portion 
of the gases evolved. A large excess of gas is produced amounting to 
between 40 and 60 per rent of the total. 

The following is a brief description of the more important types of 
by-product coke-ovens used in the United States: 

StmtiSolMy Cokt-orm. Utia is romposed of a vertical retort heated on either 
side by sectional karitontat flues, in which the gases undergo combustion. The 
flues are constructed in small units which dovetail together, and oonstitiito the 
lining of the retort, thus providing a rapid transmission of heat through tlie walls. 
The gases circulate from the top downward, as illustrated in Fig. 80. The gases 



From ’TobI Bnd Cok»," by F. H. Wftgatf. 

Fio. 89.—Semet-rSolvay Cokc tiven. 

for combustion are introduced into the horizontal flues alternately from opposite 
sides, and at the same lime mixed with air pre-heatcd by regenerators located in 
the base of the oven. The illustration shows a section through a heating flue, 
including one of the regenerators (the other not being shown). Ihe products of 
combustion pass out through one of the regenerators into the stack. The other 
regenerator (not shown) is used for preheating the air to 1200-1400* F. After a 
time the paths of the gases are reversed, air being passed through the regenerator heated 
by the products of combustion, and vice-versa. Between 10,000 and 11,000 cu. ft 
of gas are obtained per ton of coal, likewise 20 to 2S lb. of ammonium sulphate, 
and 9 to 10 gal. of tar. About half the gas is used for heating the retort, and 
the balance elsewhere for heating or illuminating purposes. 

OUo-Hoffman Cokt-oven. This oven, as modified by Dr. F. Schneiwind, is 
illustrated in Fig. 90. The heatuig is ellected by talual flues on either side of 
retorts (1) which are separated by hollow walls divided into 10 eombustion ebambsm 

W. W. Cobb, J. Kk. CUm. M.. M, 52S, lUT. 
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(2), each containing 4 vertical flues (3). An air-chamber (4) runs lengthwise under¬ 
neath the floor of each retort passing through the openings (8) into the com¬ 
bustion flues (2). The air is pre-heated to 1800' F. by a pair of regenerators (7) 
operating alternately, and passed through the flue (5) into the air chamber (4). 
The gas for combustion is introduced through the pipe (10) into the combustion 
chamber (2). The products of combustion pass into the horizontal flue (9), then 
downward through the flues (not shown) corresponding to (3), but on the other 
side of the oven, through the regenerator (7), and thence into the chimney (not 



Frotii "Coal ami (’okc," by F. U. Wattnor. 
Fio. 90,—Otto-Hoffnuiu (’okc-oveii. 


shown). When the temperature of the regenerator (7) used for pre-heating the 
air falls to 1300* F., the passage of giisea is reversed. 

The following yields per ton are recovered: 


Ou. 15 0-10.0% (8.500-10,500 c«. ft.) 

Ammoniuia aulpbau. 0 8-13% 

Xtr. 3 0- fi.4% 

Coke. TO 0-75.0% 


Approximately 20 per cent of the nitrogen present in the coal is converted into 
ammonium compounds, part of which is found in the tar as pyridine, quinoline, 
etc. About half of the nitro^n remains in the coke, and may be regarded as lost. 

CoJte^tien. This is a modification of the Otto-Hoffman type, em¬ 
bodying the Hilgenstook principle of heating with vertical flues in conjunction with 
longitudinal R^nerators (a) located underneath the retort (6), as illustrated in 
Fig. 01. The gas is introdueed through one burner for each two vertical flues. 
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The heating ia nia>le unilonn hy operating the burner* alternately in aete ol four 
on opposite aides of the retorls. nms gas ia introduced into the first four burners 
on the right-band aide of the retort, the second four on the left, tho tliiid four 
on the right, and so on. 'I he pro<lucts of eombuation iiasa out at the aide opposite 



the burners, the rc.|x-itive paths lauiig reversed from time to time. The yields 
from the fniled-Otlo uven rorn's|)ond very closely with tlioae obtained from the 
Olto-HolTman typo. 

A.I/V"'-' I'nkr-mm. This oven ia illuatrateil in Fig. 92, the left-hand portion 
rcpreicnting a .section through the heating flues, and the right, a section through 
the retort. The oven is healed by a set of vertical flues in the side walls, the 



From "Coat and Coke," by F. It. Wagaer, 
Fill. 92.—KopiM'ra Coke-oven. 

heating gases and products of combustion res|)ectively being passed through hsif 
the number alternately on each side and in opposite directions. The heating gas 
is admitted into a duct below the flues, and the air for combustkn passes fnNB 
the regenerator chambers directly into the vertical flues where it encounters the 
gas and undergoes combustion. The products of combustion travel upward is 
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one iuJf of the oven and downwarda in the other half, passing through the regen¬ 
erators and thence into the chimney. Each oven is provided with two regenerators. 
The average yield in per ton of coal is as follows: 


Ow. 11,000 CO. (t. 

AmiooDium sulphate. 20 lb. 

Tar......... 13 4 gal. 

Coke. 72% 


Production of Blast-furnace Coal Tar. Most blaat-fumaces in the United States 
employ coke as fuel and a few use anthracite coal. Since all the volatile con¬ 
stituents have been removed from coke, and as anthracite coal contains only a 
very small percentage, no tar is obtained when either of these is used for smelting 
ores in blaat-fumaces. In such cases the gases evolved are subjected to a puri- 
hcation process merely to remove the entrained dust, before using them for heating 
purposes. 

Owing to the scarcity of anthracite and the high cost of bituminous coal in 
Europe sod Great Britain, there is a tendency to reduce the operating expenses 
by using the latter in its raw state, without first 
converting it into coke. A non-coking bituminous 
coal must be selected for this purpose. In such 
cases the gases emanating from the blast-furaace 
carry a certain amount of tar, derived from the 
volatile constituents of the coal, which must be 
removed before they can be used for heating or 
power purposes. The gases also carry a com¬ 
paratively large amount of dust derived from the 
ores in the blast furnace, of which a good portion 
is removed by passing the hot gases through a 
device illustrated in Fig. 93, known os a "dry 
dust catcher." The gases entering the side of 
the catcher are given a rotary motion and their 
velocity reduced, whereupon they paas out at 
the top. This permits much of the dust to 
Fro. 93. Blast-F'traace Dust settle to the bottom, where it is emptied from 
Catcher. time jg through a “spectacle valve.” 

Other, and more complicated forms of dry 
dust catchers are also used for the purpose, but all depend upon three factors, viz.: 

(1) Changing the direction of the gas current. 

(3) Impinging the gas against solid surfaces. 

(3) Reducing the velocity of the gases. 

Metkoda or Reeotmng Blael-furnaee Coal-Tar. After being dry-cleaned, the gases 
are subjected to a wet-cleaning and cooling process by passing them through any 
of the types of coolera, scrubbers, or washers described on pages 174-179. The 
centrifugal washer is usually preferred as it operates rapidly and economically. 
A part of the tar condenses in the coolers, and the balance in the scrubbers and 
wa^rs. It carries a large quantity of the wash water, which may be separated 
by any of the means described on p. 180. 

Acrarding to Lunge ■ approximately 7 gal. of blast-furnace tar and 39 lb. of 
j(lff»pnwlon< sulphate are obtained from each ton of bituminous coal fed into tbs 
Ammoato.** New York, t916. 
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bbit-funukoe. It appears that the iron ore and other miaenb iatroduead with 
the eoal influence ^e }neld of tor. Thus the same bituminous eoaJ gnve the fol¬ 
lowing weights of tar per ton under varying conditions; 


DUUlted alooe in ana works. 914 tb. flf Ut 

Ditliliod with Ensluh iron olv. SO lb. ol tar 

Diitilied with land. . 190 lb. ol tar 


The tar derived from blast-furnaces always carries a substantial proportion 
of mineral matter, which the dust catchers fail to remove, and which seme to 
distinguish it from the other varieties of coal tar. 

Production of Producer-gas Coal Tar. Unless the producer-gaa plants 
are of a large capacity (above 4000 horse-power) it does not pay to 
recover the by-products. The smaller producers are designed to decom¬ 
pose the tar vapors and convert them into permanent gases, to avoid 
the expense of operating a tar-separating plant on one hand, or the 
trouble occasioned by the tar clogging the pipes and valves on the 
other. When anthracite coal or coke is used as fuel, no tarry vapors are 
produced. 

From the standpoint of tar recovery, producers may be divided into 
three claascs, vis.; 

Tiipe 1. Where the fuel travels in one direction, and the air and steam to¬ 
gether in the optxwite direction. This is usually accomplished by introducing the 
fuel at the top, and both the steam and air at the Imttom of the producer. 

Type 2. Where the fuel, air and steam all travel in the same direction. This 
may be accomplished by introducing all three either at the top, or at the bottom 
of the producer respectively. 

Type 3. Where part of the air travels in the same direction as the fuel, and 
the balance of the air together with all the steam in the opposito direction. In 
this type the exit for the vapors is in the centre of the producer, the fuel and 
part of the air being introduced at the top, and the steam with the balance of the 
air at the Ix)ttom. 

In all three types, four rones are distinguished, vis.; 

(a) The ash rone, which represents the fuel after all the carbonaceous material 
has been consumed. 

(5) The combustion rone, where the heat recpiired for gasification is generated 

by the conversion of carbon into carbon dioxide. In this rone the highest tem¬ 

perature is attained (about 2100° F.). 

(c) The decomposition rone, where the inter-action IsJm place between the 

steam and incandescent carbon, yielding hydrogen and carbon monoxide, and where 
the carbon dioxide generated into the combustion sone combines with incandescent 
carbon and is converted into carbon monoxide. In this Hme the Umpereture is 
in the neighborhood of 1800” F., and all the carbon is consumed. 

(d) The distillation rone, in which the raw fuel (e.g., the bituminous oo^) 

undergoes partial distillation in consequence <rf the heat emansting from the de¬ 
composition rone (c). 
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Id type 1 the ash zone is at the bottom, and the combustion, decomposition 
and distillation zones superimposed one above the other, in the order mentioned. 
Since the vapors are drawn off at the top it follows that the tar does not suffer 
decomposition. 

In type 2 the distillation zone is at the top, the combustion zone directly beneath 
it, the decomposition zone still lower down, and the ash zone at the bottom of 
the producer. As the vapore are drawn from the bottom, the tarry matter gen¬ 
erated in the distillation zone is forced through the entire column of incandescent 
fuel, and as a result is partly "cracked” into permanent gases, and partly burned 
into carbon dioxide which in turn is converted into carbon monoxide. 

Type 3 is a combination of the other two, having two combustion zones, the 
upper part acting as a generator, and the lower as a producer. The distillation 
zone at the top is followed lower down by the first combustion zone, then the 
second combustion zone, and finally the ash zone at the bottom. The decompo¬ 
sition zone is in the centre, between the two combustion zones. In this type the 
tarry vapors evolved in the distillation zone are partly consumed by the incan¬ 
descent fuel in the combustion zone directly beneath it. This producer is also 
used for treating fuels containing a large percentage of volatile matter, including 
peat and lignite (p. 172). 

When ordinary bituminous coal is used as fuel, tarry matters are produced in 
Type 1, but not in Types 2 and 3, and the use of tar separators becomes super¬ 
fluous in the two last named. When peat (p. 201), lignite (p. 209), pyrobituminous 

shales (p. 216), and certain “highly volatile" bituminous coals are used as fuel, tar 
is generated in all three types, but to the greatest extent in Type 1, and must 
accordingly be separated from the gases. 

A representative Type 1 producer is illustrated in Fig. 94, known as a "suction 
gas producer,” in which the vapors are drawn from the producer by means of a 

chimney or an exhaust fan, or else by the suction induced by the piston of a 

gas engine. The interior of the producer is maintained slightly below atmospheric 
pressure. It is constructed of double metal walls (f and C) between which a 
current of air absorbs the heat radiated through the inner shell and enters the 
bottom of the producer through the pipe (0). The troughs (E) between the walls 
carry water, which is converted into steam by the heat and mixes with the air 
passing through. The bottom of the producer is filled with water if!) in which 
the ashes accumulate. The mixture of air and steam enters through the pi|ic 
(//), and the combustion zone is protected with a fire-brick lining (ft). The charging 
hopper (J) is provided with a cover (K) and a counterweighted valve (L), con¬ 
structed so that it is impossible to open either one, unless the other is elo.sed. 
The gas is drawn from the producer through the pipe (.)/) and passed through 
the downcomer (P) leading into the scrubber (N). The producer and scrubber are 
connected with the purge pipe (S) by the water-sealed three-way valve {()) in such 
a manner that the scrubber cannot be in communication with the purge pipe. 
The scrubber removes the tar and cools the gases, which are used for heating or 
power purposes. 

The tar is removed from the gases by one or more of the devices described on pp. 
174-179. About 90 lb. of water-free tar and 90 lb. of ammonium sulphate arc recovered 
per ton of bituminous coal. The tar as shipped, after being allowed to settle, often 
contains up to 20 per cent water. 

Producers of TVpes * wtf 3 are illustrated in Figs. 95 and 96 respectively. 
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The Mond by-product gae producer ie practically the only one used to any 
extent in the United States for recovering the tar and ammonium sulphate, which 
accounts for the fact that the former is not marketed in commercial quantities. 

PropertieB of Coal Tars. As stated previously, the expression “ coal 
tar” is properly applied to tars derived directly from coal without 



Fio. 96.—Westinghouse Gas-Producer, Type 3. 


admixture of petroleum. Coal tars differ in their physical properties 
depending upon their method of production.' The following types are 
distinguished: 

(1) Gas-works coal tar 

(а) From horizontal retorts 

(б) From inclined retorts 
(c) From vertical retorts 

(2) Coke-oven coal tar 

(3) Blast-furnace coal tar 

(4) Producer-gas coal tar 

I "Prodiiofr'gu Power^pitst Development in Europe,” by R. H. Fern&ld, Bulletin No. 4, 
Burenu of MinM, Wneh., ]>. C., Idll. “Coal Gaa Reaiduala," by F. H. Wagner, First Edition, 
New York. 1014. “Cleaning of Blaat-furnace Oasea," by F. H. W’agner, Fimt Edition, New 
York, 1914. “Coal Tar Diatillation,” by Arthur R. Wwnee, London, 1914. “American Coking 
Practice Up>to^te.“ by C. S. Lomax. Oat World, M, 1020, lOl.*^. “Caa Engines and Producer*.“ 
by L. S. Marks and H. 8. MoDewell, Chicago, 1916. “Moslem Clas Works Practice,” by Alwyrs 
Meade and Stanley B. Jones, London, 1916. “Coal and Coke.” by F. U. Wagner, First Edition, 
New York. 1916. “Biast>fumaee Construction in America,” by J E. Johnson, Jr, Ivondon, 1917; 
''Operation of Gas Works,” by W. M. Russell, Firet Edition, New York, 1917. 
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The following figures will give a general idea of the physical propertiea 
of the four main classes of coal tar in their dehydrated state: 



Qas-worlca 
Coal Tar. 

C-okt'-oven 
Coal Tar. 

Blaat-fumgee 
Coal I’ar. 

ProduoAMM 

CotlTar. 

(Test 1) 

Color in mass.. 

Black 

Black 

Black 

BUek 

(Test 2a) Hoiiiogeoeily totherye 






at room temperattim . 

Fine particles 

)''ioe particles 

Fine partieisa 


(Test 26) Homogeneity under the 






mieroseope. 

Lumpy 

Lumpy 

Lumpy 

F/umpy 

(Tut 7) 

8p gr. at 77* F. 

1 15-1 30 

I 10^ 1 30 

I 15-1.30 

1.15-1.30 

(Test 8) 

Viscosity. 

Variable 

Iaiw 

I/OW 


(Test 13) 

Odor . 

Characteristic 

Characteriatir 

Choraeteristie 


(To«t 15) 

Fusing-point. 

Below 25" F. 

Below 25" F. 

Below 25" F. 

Below 25* F. 

(Test 16o) 

1 Volatile matter.... 

25-50% 

3(k^% 

30-00% 

30-60% 

(TmI 17o) 

1 Flash-point . 

Low 

Low 

I./OW 

fx)W 

(TctI 19) 

Fixed carbon . - 

15-40% 

15-40% 

5-J6% 

10-35% 

(Tost 20) 

DistUlalion test (<io- 






hydrated tar): 






Light oils (up to 






235" C). . . 

2-3J% 

t-jr« 




Middle, heavy and i 





anthraeeiie mis 






(23.5 3.W* C > 

1 15 30'’;, 

20 .35% 




8oft pitch and lost 

j 





(aboxe 355" C) 

i 60-85% 

5.5-75<’i 



(Test 2Ia) Soluble in rarbon r|i> 






sulphide . . 

60 95% 

80-97% 

65 80% 

75-90% 

(Test 216) 

Non-mineral matter in- 






soluble {fr«*e carbon) 

5 40‘'; 

3 20% 

10-25% 

10-25% 

(Test 21f) 

Mineral matter 

0 ]•;. 

0-1% 

10-15% 

0-3% 

(Test 22) 

Carb«'nes 

0 2% 

0 2%, 

0 2% 

0-2% 

(Test 23) 

Soluhiliiyin 88"naphthn 

20 40% 

20- 40% 

1.5-3.5% 

20 40% 

(Test 25) 

Water 

Trace 

Trace 

Trace 

Trace 

(Test 26) 

Carlron 


88 - 

93% 


(Test 27) 

Hydrogen 


4 - 

7% 


(Test 28) 

Sulphur 


0 1-0 9% 


(Test 20) 

Nitrogen 


1 0-1 5% 


(Test 30) 

Oxygen 


1 0-3 0% 


(Test 31) 

Free carbon . 


(See Test 216) 


(Test 32) 

Naphthalene. . 


3 - 

10% 


(Test 33) 

Paraffine. 


0% 



(Test 33) 

Suipbonation residue 

!>% 

0 H% 

5 20% 

0-3% 

(Test 37) 

Saponifiable 

2- !i% 

2 5% 

2-6% 

1-3% 

(Test 41) 

Diato reaction. 

Yes 

Yes 

Yes 

Ym 

(Test 42) 

Anthraquinone reaction 

Ves 

Yes 

Yes 

Y«a 
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J. M. WciM furnishes the following figures representative of typical coal tars.* 



Gas-works Coal Tars. 

CoKR-ovKN Coal Tars. 


Hori- 

lontal 

Itetorts. 

Inclined 

Retorts 

Vertical 

Retorts 

United 

Otto. 

Semet- 

Sohay 

Hoppers. 

(Twt 7) 8p«pifip gravity at 00" F. 

(Test 6a) HperiOc Eagler viscosity at 

1 200 

1.238 

1.153 

1 207 

1 188 

1.186 

212" F. 

21 8 

14 0 

2 1 

3.4 

3 0 

2.1 

(Teat 20a) Distillation teat (dehydratocl 







tar). 

Distillate by volume to soft 







pitch of 00" C. fiising'poiiit 
(cube method). 

13.2% 

14 3% 

28.8% 

21 2% 

21 S% 

35 3% 

Residue by volume fsoft pitch 







of 60" C. fusing-point— 
cube method).... 

80.8% 

85 7% 1 

71 2% 

78 8% 

78.2% 1 

64.7% 

Refraction index of distillate 







atOO"C. 

1 5032 

1.5807 

1 5755 

1 5087 

1 6122 

I 6130 

(Test 31) Free carbon (insoluble in bentol) 

28 9% 

14 0% 

2 1% 

3 4% 

3 0% 

2 1% 

(Test 35) Hulphunation residue 

0 4% 

2 4% 

4 3% 

0 O'/t. 

0 0%, 

0 

(Test 37c) Tsr acids in aliovc distillate 

14 0% 

21,0% 

21) 0% 

12 0' ;. 

4 0% 

0 0% 


Wctss reports’ that gas-works coal tar has a coefliiiant of e.vpansion for 1° E'. 
(length-1) of 0.n0027-0.000;i2 anil coke-oven coal tar O.OOa'iO-O.OOa34, 

Weiss* also rciwrts the following relationship liclwcen the s|wcific gravity and 
the free carbon in gas-house and coke-oven coal tars respectively. 



Spccifir Gravity 
at 60" F. 

Free Carbon 
per cent 

(Sas'house coal tar.. 
Coke-oven coal tar . 

1.203-1.206 
1.178 1.258 

16 67-33 17 
4.04 10 00 


The differences Ixitween the tars produced at tlic present time may lie 
roughly expresseti as follows (W. H. Childs, loc. cit.): the gas-works 
coiil tar derived from the old-fashioned horizontal retort is the heaviest, 
most viscous, containing a lower percentage of oils, the most pitch, and 
also the highest percentage of free carbon. Coke-oven coal tar occupies 
an intermediate position, being lighter, containing more oils, leas pitch 
and less free carbon than the preceding. Gas-works coal tar derived 
from vertical retorts is lighter, less viscous, contains more oib, less pitch 

>/. /nS. But. CA<m., t, 842, 1916. 

>/. rraaUin /ml., ITS. 277, 1911. 

• Ibid. 
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and leas free carl)on than coktM>ven coal tar. The following table con¬ 
tains the analyses of tars derived from gas-worlcK and coke-ovens: 



' 

llori- 

Hurl' 







loiilai 

sontal 

Iu( lined 

Wrlieal 

T>pe 

Tyjif 

Type 


Reiorts 

Retorts 

RetorU 

Retort* 

A 

R 

C. 


(old). 

<neir> 






(Test 7) Spei-ifie gravity at 60° F 

\ 2:a 

1 21K 

1 19H 

t 154 

I I7S 

i.)7a 

1.187 

(T«t 8a) Kiiglef visensity at 212* h 








laeeomls fnr lOfI r r ) 

27 :i 


S9 

.10 

70 

.iO 

37 

('lest 20a) Distillalion teat (deliydialed 








tar* 








right nil (to 400° F 

2 O*',' 

:i .'i'; 

4 r; 

3 7^’ 

5 sr; 

1 8v; 

I 4% 

hfiddle ami rreusote oils 

IS 7^; 

21 I'l 

22 l‘, 

:m 2 

20 

a.5 

24 0';{, 

Soil pitrlj (including Iom) 

79 

7.'> ti''; 

•:) K^; 

01 2% 

7:i 9‘; 

iVi 2‘;{ 

74 0‘;| 

(Test 2AT Water 

2 S% 

2‘.'. 

a a'i 

3 0% 

1.0';: 

1 3V: 

2,3% 

(Tift :{l) Kre<‘ <ftrlH>n (iiiMilulile in lien* 








r< 1) . 

29 

21 9'.,' 

19 9‘*; 

3 7% 

7 0':: 

4 3% 

m 4% 

(Teal 37f) Tarm'iiU t^pheiiols.i-rt-Mils etc) 

1 c; 

2 9'.; 

5 2‘; 

7 2% 

5 0';; 

1 p’: 

0 34 


Cod tiirH ni:jy Ik* recogni*(Kl by the odor which is characteristic, by their high 
stHK'ific gravity, large is^rt'ciitaKe of frv*c carlKin (non^niineral mutter instdiible in 
cjirlion diMilphide), uliscme of imrafliia*, small |>orc*<*ntago of sulphonatioii rc'sidue, 
small ]M>rc(*nt4ige of sulphur (OltttMNI) iinil by the iircwnce of phenuU (duuo 
reaction I, anthnicciio (anthru<|Uinonc reaction) and naplitliaJcne.’ 


Refining of Coal Tar.* Table XIX sho\v.s tlu* approximate contpoHi- 
tion of coal ttir and the various products derived therefrom. 


According to C KramorA an avenige sample of Kuroiwan coal tar (‘ontuiiied 
the following: 


lk>niol nnd itJt hoMiol»AUca 
Plx'nol and iti honKiioatics 
Pjtiduie and qumoliiif* bawH 
Naphtliaicnc and aocnaidithcno 
H<*a%‘y od 

An hraot'nc and phcnanihri-nc 
pjtrli 

Aminuniaral liquor 

Gaacs and lov . . 


2 50% 
2 00 % 
0.25% 

a w% 
20 00 % 
2 007o 
02 00 % 
4 00% 
1.26% 


Total . 100 00% 

I "Naphtha)(‘ne to Road Ton,” by nubhaiu and Draper, Cireular No 90, Ofllra of PuWa 
Roads, U. 8. Dept of Agri, Wash. D. C.. Nov, 1011. 

*“CooI Tar laght Oil in ibc United 8tat««; tbe MaDtifa«ture, Naturo, and Uaea of Produott * 
Derived Therefrom,'* by 3. M. Weus, 8tb Intern. Cong Api^kd Cbcm. tS, 287, 1012: "Coal* 
lar Product),” by Horace C. Port4r and C. O. Ktorm, Cirrolar 89. Bureau of Mioea, Dept. «l 
Interior, Wash., D C, 1016. "Tar and lu By-produru,” by 8 R. Church, Om At*, 81* 407, 
1913; "Tar Distiltatioo •& the United Htatra. Genera) Devdopment and Reoent Program," by 
R. P. Perry, Stb Intern. Cong. Applied Cbem.. M. 233, 1018. also J. Ind. fag. CAm.. f. 151, 
1913. 

•3. Qad>el. M, 226.1801. 
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Coal tar is transported from the gas-works or coke-ovens in cylindrical 
steel tank-cars 7 to 8 ft. in diameter and 28 tc 30 ft. long holding about 
10,000 gal., provided with a dome on top and heating coils inside for 
the introduction of steam in cold weather to reduce the fluidity. It is 
transported by water in tank-veascls constructed similarly to those used for 
petroleum, holding up to 300,000 gal. At the distilling plant the tar 
is generally stored in covered vcrtic.al cylindrical steel tanks larger in 
diameter than height, having a capacity up to 2 million gallons. A 
certain amount of water separates out during storage which is tapped 
through [ict-cocks in the side. Jx'ss often the tar is stored in rectan¬ 
gular reinforced concrete tanks built underground. 

A preliminary insight may be obtained regarding the eonstitutioti 
and probable value of coal tar by subjecting it to a lalKriiitory distillation 
test (sec test 20, p. H21), a(a»rding to which it is .separated into live frac¬ 
tions and a residue of pitch. These fractions arc distinguished .as follows: 


Water, etc. 

IakHi oil . 

Middle oil. 

Heavy oil ) . 
Anthraeene oil. / 
Ueiodiie (eoiil'tur pitcli) 


Amfric/in /Vatfov 
I'p to no*’ C 
no- 170® C 
170 C 

c 

Abote ® c 


Europenn J^rnrtire, 
I’p to 1 lO® C. 
no 170® C. 

170 2:10® C 
f 2;i0-270® C. 

\ 270 3.’)0® C. 
Ab«ne .J.>0® C. 


I'his test is often used by the .slillnian as a biusis for arriving at the 
volume of the res)iective fractions to Ire separated in the works dis¬ 
tillation. 

The crude tar is first dehydrated by one of the methods descrilied 
on p. 180. The method geneiiilly used in the United States consists 
in heating the tar in thin layers under partial viicuum. The tar is allowed 
to flow (»ntinuoualy over heated ste.am plates in a closed cylindrical 
vessel as described in mcthoil ,5, p. 182, and which reduces the water to 
less than 0.5 per cent. From the dehydrator, the hot tar is pumped 
directly into the still. 

The fonn of still used in the United States consists of a horizontal 
cylinder with convex ends heated directly either by cn,al or g.as, con¬ 
structed to hold as much ns 75 tons of tar. A typicid .still is illustrated 
in Fig. 97. The tar enters through a pipe into the top of the still, 
and the va;)ors are drawn off through another pi|)e of large diameter 
attached directly to the top of the still, at the centre. The stills are 
not usually provided with domes as is the case with petroleum stills. 
The outlet pipe for the pitch is located at the Ixittom, together with 
inlet pipes for steam or air agitation. Sometimes vacuum is used to 
reduce the time of distillation. The stills are mounted on a brick 
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<'muh«iiv «)f 'I'lic lUrrctt <’orDj»»ii) 
Kh; '.>7 lI«iri/om;jl Siill for ItrfiiuiiK (\ml 'I'jir. 


w'tliiiK pi-OMilcd Hill] II liiT mill to iiimiic iiiiifiiriii liciiliiin, mill piDliiiiK 
till* iifr of till* iKittoiii. 'I'lir prori*N> l^ mi iiilrriiiilti*li! olio. After 


till* till* lllL*! U'l'll lll^till(■ll to till* 
(li*'ii'(*il fiisiiiii-iioiiit or coiiMsti'iH'y 
till* l'l‘'•llllll' of pitrli i;> iliM*lim'Hi‘il 
liy ^^|■■'|'■lty, piiiiipini! or lilowiiii: 
out Hitli air. 

In l^nl'o|)^', tar MilN an* idii- 
.striictcd ill the form of a “ |X)l 
or vi'rlii'iil still liavinK a roiiravi* 
iKittom, as illiistratial in I'iK. '.iH. 
wlicii* 1 rt'prcsfiil.s tlio iniinlioli*. 
2, .safety-valve (■oiiiKa’Iion; d, swan 
neck; 1, swan neck stool; o, dipi.iiin 
toji; f), .steam inlet; 7, steam pi|x*; 
>S, tar inlet; 11, tar outlet. The 
concave Ixittom is claimed to have 
the arlvantaRcs of providiiiK a larRcr 
heating surface, also to assist in 
draining off the pitch and to accom¬ 
modate the expansion and contrac- 



From "4”o»l Tar DittilUtton.’' by A. R. WitroM, 
Kio. 98.—Vertical Still for Re6ninK 
Coal Tar. 








248 


ASPHALTS AND ALLIED SUBSTANCES 


tion of the metal plates without setting up dangerous strains. Steam 
is introduced during the process of distillation through a perforated pipe 
(9-10) at the Iwttom and serves to carry off the vapors more rapidly, 
also reduce the time of distillation. English stills hold 20 to 40 tons of 
tar, and are mounted on suitable brick settings adapted for direct 
heating with coal or producer gas. 

The vapors leave the still through a large pipe connected with the 
condenser coils immersed in water in a rectangular tank. These coils 
are constructed of piires ranging from 6 in. down to 3 in. in diameter. 
The distillate is rup into small measuring tanks which in turn empy 
into large storage tanks. Each fraction is caught .separately, four fractions 
all told Ireing recovered, viz.; light oil or crude naphtha, middle or car- 
liolic oil, heavy or creosote oil and anthracene oil. 

On starting the distillation, the light oil or crude naphtha toils over, 
comprising the entire distillate lighter than water. When the vapor 
temperature reaches alx)ut 209° the receiver is changed, and the next 
runnings wnstituting the middle or carbolic oil are caught separately. The 
light oil fraction varias from less than 1 |X!r cent to 3 or 4 per cent. It 
is redistilled and fractioned intx) solvent naphtha and heavy naphtha, 
also small amounts of crude tonzol, toluol, phenol and cre.sol.s. 

The middle or cartolic oil co nes over next, amoutiting to 5 to 15 
per cent. As the temperature increases, naphthalene crystallizes out in 
the distillate, and to prevent it choking the condensing coils, the cooling 
water is shut off. It is cut at such a |)oint to include most of the tar 
acids and naphthalene, and is cooled to ro'iiovc (he naphthalene and 
sold as a disinfectant. The tar acids may also to extracted with caustic 
soda and litorated by sulphuric acid or carbon dioxide. 'I’he phenol con¬ 
tent of tar seldom exceeds J per cent, and naphthalene recovered from this 
and the succeeding fractions will range from 5 to 7 per cent. 

As the temireniture increases, the heavy or dead or creosote oil toils 
over. This may represent the entire fraction between the ii’iddle oil 
and the end of the distillation, in which event it will constitute 15 to 35 
per cent of the tar, or it may be cut sooner and the anthracene oil caught 
separately. In either event the distillation is assisted by introducing 
live steam. The distillate is cooled to remove any naphthalene, and 
the cresols extracted in the same manner as phenol. The anthracene oil 
is treated to separate pure anthracene, amounting to 0.2 per cent of the 
tar, which constitutes the source of alizarin used in manufacturing coal- 
tar dyes. 

When the distillation is completed the pitch remains as a residue 
in the still, amounting to 50 to 80 per cent of the tar, and varying from a 
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viscous to a lianl and liritlle product. deiteiidiiiK ui)oii the quantity of 
distillate removed. It is allowed to run or puiii|>e<l into a cooler eonsist- 
ing of a lectuiigular (8X8X8 ft.) or cylindrical vessel, and allowed to 
remain until the temix-rature falls to 2,')tt to StItI" K., whereu|)on it is run 
into liarrels. I'iach still is provided with two or more coolers, so as not 
to delay remo^'ing the pitch. 

'Ihe Stillman is guideil in sciuirating the various fractions by the 
roliiniis recovered, calculated .from the iwrceiitages n'liorted by the 
lalonitory duslillation test. 

Various t,\pe.s of stills adapted to the ronlinuouh distillation of tar, 
ha\e leccntb attracted attention. .Among them the Kubierschky system* 
is claimed to give gissl r(“sulls. '1 he tar is spraytsl into the still, and at 
the same time a curient of suiK'iheattvl steam iiili-oduivd from lielow 
con es in diivct contact with Ihe tar. The distillation progres.ses in stages 
in a serio!: of connecting chambers, fitan each of which a differenl fraction 
is recoveixsl, the pilch lesiiluc I cing drawn off at the liottoni. It is 
claimed that it is unnece,s,saiy to first dehydrate the tar, also that the 
steam consumption is comparatively small. 

One of the most piDini'-iiiK sv'.toins, from ii scientific sliinitiHilnl, for srpiiriitina 
coni tar into its various fractions, wa.s (tcviscil t.y Walllicr i'ctit,* tiy wliicli the 



tar vajiors are fractioncil dins-tly a.s tlicy ionic from llie aas-rctorts or mUcsivena. 
'I tie principle involvcit is exactly llic reverse of itie forcKoina nieihists In the 
I chl -yslcni, the liot tir vaixirs am scparalcil into various fractions liy a system 
of mdective r/mling, wliemas in tlie other niethoiis the loal tar is proan'ssively 
hntUd to 8iicec.ssively incmasi ijt temiieratiirc and each fraction condcnseit as it 
Mi|sarires. One of the main advantages claimed for the Keld system is the saving 
of fuel, since it utilizes the heat extant in the hot tar va|Kirs and obviates mheating. 

A rough outline of the Keld condensing system is illustrateil in Kig. 99. The 
hot vapors coming from the mtorls of ovens are passed through a series of Feld 
centrifugal scrubliers (sec p. 177) in eaeh one of which the washing liquid constitutes 

I J Gat Ltthlint. IK, t«S. ISIS 

Om by F. II. Warner. N. Y. 1&14. 
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• portion (rf the condensate recovered in the next succeeding washer, and has 
therefore, a lower boiling-point than the fraction to be separated. Altogether II 
centrifugal washers are proposed. The vapors coming from the hydraulic main at 
a temperature of 200° C. are introduced into washer No. 1, and washed with a 
carefully regulated quantity of "heavy oils” obtained from washer No. 2 (pre¬ 
viously brought to a temperature of 160° C.) to reduce the temperature of the 
vapors in washer No. 1 to 100° C. This effects a separation of the constituents 
boiling above 320-.260° C. (i.e., the pitch) from those of lower boiling-points (“dew 
points”). The reduction in temperature of the hot vapors may be accounted for 
partly by the low temperature of the circulating liquid and partly because of its 
vaporization and consequent absorption of heat. 

The vapors now at a temperature of 160° C. are passed into washer No. 2, 
through which sufficient “middle oils” obtained from washer No. 3 (at a tem¬ 
perature of 80° C.) are circulated to reduce the temperature of the vapors in washer 
No. 2 to 80° C., and thus bring about a condensation of the constituents boiling 
between 230 and 320° C., known as the “heavy oils.” 

Similarly, washer No. 3 removes the middle oils by circulating a quantity of 
the oil condensed in washer No. 4 (at a temiicrature of 60° C.), which serves 
to reduce the temperature of the vapors to 60° C. 

A detailed plan of operation is indicated in Table XX: 


TABI.H XX 


Wwhrr 

No. 

Circulating Liquid. 

Temp of 
Cireulating! 
Liquid, 
Deg C. 

Temperntiirt' 
of VapoM 
UciluctHi, 
Deg C. 

Conniifueiits Separated 
from the Vapors. 

n<uling> 
Point of 
Condensate 

Deg C. 

1 

Warmed heavy oils from 

160 

From To 
200 160 

Pitch 


a 

No. 3. 

Warmed middle oiln from 

SO 

160 80 

Heavy oil (anthracene 

320-350 

230-320 

1 

3 

No. 3. 

Warmed oila from No. 4 

60 

80 

60 

oil) 

Middle oil (erooeote oil) 

170-230 

4 

Water. 

40 

60 

40 

Oils and wafer 


5 

Cooled heavy oils from 

40 

1 1 

Light oil 

Below 170 

6 

No. 2. 

Water. 


40 


Ammonia and hydrogen 
sulphide 

: Ammonia and hydrogen 

1 sulphide 

Cyanogen 


7 

Water. 

36 

38 36 


8 

Water . 

1 

^ 36 

34 


0 

W»wr. 

18 

34 

18 

Naphthalene 

' Benttd 


10 

Cooled light oils from 

18 

18 


n 

No. 3. 

Benioi from No. 10. 

18 

18 

i Bensnl 



It is elaimed that the vapors thus treated produce a gas of greater illuminating 
power than one which has been purified in the usual manner, also that the method 
ia adpated equally well for treating gas-house or coke-oven products. It has also 
been used apparently with some success abroad for the fractional separation of 
the tarry vapors olitained on destructively distilling Bohemian lignite (browncnal) 
but has not come into use in this country. Thu yield of pitch from the Feld 
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proom ia lower ihan that obtuned from the ordiniry method, and the yield of 
the more valuable oib oorrMpoudingly increaaed. In one oaae a bituminoiM eoel 
yielding 35 per cent of pitch by the ordinary method produced 7) to 13 per cent 
by the Feld procem. 

Properties of Coal-ttr Pitches. The extent to which the distilUtion 
or condensation is continued in any of the foregoing methods deter¬ 
mines the character and nature of the residue. If the light oil and part 
of the middle oil are distilled off, there remains a product varying in 
consistency from a thin to a more or less viscous liquid, known as 
“ refined coal tar ” or " distilled coal tor.” Its physical properties are 
intermediate between the crude tars and the pitches. These tars are 
used for road binders (see p. .357) or for saturating purposes (sec p. 396) 
Coal-tar pitch suitable for saturating ntofing felt is prepanal by dis¬ 
tilling a charge until the residue tests between 80 and 120 at 40° F. by 
the Shutte penetrometer (test Se). If the distillation is continued to 
the desired point, then the residue is known as “straight-run coal-tar 
pitch.” On the other hand, if the distillation is carried to a point 
where the residue is harder and more infusible than desired, and is there¬ 
upon fluxed to the desired consistency and fusing-point either with cer¬ 
tain fractions of the distillate or a flux of foreign origin—usually of little 
value commercially—or with other tars, then the pitch is known as 
“ cut-back coal-tar pitch." 

PreiMired tar suitable for road treatment may be manufactured by 
selecting suitable crude or dehydrated tars, combining them in the still 
and running to the proper consistency. Another plan consists in run¬ 
ning a single tar to pitch, adding a suitable quantity of dehydrated or 
distilled tar, and agitating with air introduced through a perforated pipe. 

C'oal-tar pitches have been arbitrarily classified as follows: “soft 
pitch,” having a fusing-point between 90 and 120° F. (cube method) 
used principally for road binders and sometimes for waterproofing work 
(sec p. 442); “medium pitch," having a fusing-point between 120 and 
160° F. (cube method), used for constructing “ pitch and felt roofs ’ 
(see p. 444), for waterproofing work (see p. 443), for filling joints in 
stone pavements (see p. 382) and for manufacturing paints (see p. 462); 
“ hard pitch,” having a fusing-point between 160 and 210° F.(cube method), 
used principally for briquetting purposes (see p. 454); “ very hard pitch ” 
having a fusing-point above 210° P. and rarely exceeding 266° F.,* use<l 
as binders for sand cores in forming castings of iron and steel, alw for 
manufacturing electric light carbons, battery carbons, plastic compositions 
for insulating purposes and black “ clay pigeons ” for target rfiooting. 

' It )• ixwibit t® pttpwt ootJ-tor piteha laSas w Us>> •• M** 7-. *•>••• “• **'•••>’ •”* 

•oe<niDt«i«d. 
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J. M. Weias reports ‘ that the specific gravity of coal-tar pitch varies from 
1.200-1.290 at a fusing-point of 100° E. (cul« method) to 1.250-1.350 at a 
fusing-point of 190-200° F. (cube method). 


(loal-tar pitches show the following ranges: 
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Coal-tar 
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Coke-oven 

Coal-tar 
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Blast-furnace 

Cual-tur 

Pitch. 

I’roducer-gas 
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(Test 1) 

Color iu iiiAM. . 
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CarlMin via- 

Carbon vis- 
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(Tl'Bt 4) 
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('oiielioidnl 
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'soluble in carbon disulphide, 
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0 0';. 
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• For tho iiltiiDBto anolyrir ot roal-tar pilrtira, nti-r to Donalh anti Attiirl, CAroi. t?<t. Frit- 
Han-Ud., M, 44. I#03; alto C. R. Downa, J. Ind, i'air Ckrm , I, 200, 1814. 

</. Ind. Sue. Chtm., t, 841, 1910. 
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Church and Weww examinoci roprc^iitativo HiH*rinM»n« of coal-(iir pitchca,’ with 
the following rosulta, in which A n‘pre«‘ntM gaa^norka couUar pitch obtained from 
itorixontal retorts, ii gius-work?* coal-tar pit<h from inclined nMorts, gas-works 
coal-tar pitch from vertical retorts, /> ()tt<i-IIofTinnn coke-oven coal-tar pitch, E 
Seinet-.Solvey (“oke-oven coal-tar pitch, and F Scotch blast-furmn*e «'ojil-lar pitch; 
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A Haiiiple n*f)r<‘'^-nfing a wcll-}id\crf ivmI braml of Mraighl-niii g;i>-\\orks ('ual-tar 


pitch wa.s 

tested by the author with 

the following roatllta. 
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7S ^ 

<T« at 

9./) 
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4 65 
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8 5 
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I.S.!) 
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H 2% 
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360® F 


The consistency, tensile Ktrciigth (multiplied by 10) and ductility curves Are 
shown m Kig. 100. 

('oiil-tar pitclies arc chnnicterizocl a« follows:^ 

(1) Jet black streak on pon*eIain. 

(2) Carlionaccoas matter clearly viniblc umlcr inicFOscope. 

(3) Comparatively high »j)ccific gravity. 

*/Vor. Am. So< Tetitng If. 274, Can II, 101.5. 

* “Difniiachr ZuaamTnf'nacttunK und riileratirhiiiiK der aattirlifhen und kOnaOichcn Aaphalta,'* 
J MamiaHoii, Ckrm. Htr Fcti-Ht$ri-InA . 19, Irtil. IM12. “Ntrhwvia voii Naturttsphali and Krd6lpf*i'|| 
III ltu<kaUudcD der ij(«iDkoh]eot4'er<i(iitiUation,‘* F. Hchmarts, Chrm. Hrt. FtiUUart-Jn4 , M, 28. 1013. 




254 


ASPHALTS AND ALUED SUBSTANCES 


(4) High susceptibility factor. This means that they are largely 
influenced by changes in temperature, becoming brittle in winter, and 
softening under extreme summer heat. 

(5) High ductility when tested at temperatures ranging between the 
solid and fluid states. 

(6) Characteristic odor on heating. 

(7) Pass rapidly from the solid to the fluid state. 

(8) Comparatively high percentage of volatile constituents when 
heated at 500° F. for 4 hours. 
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Fiu. too. —Chort of Phy-sical Characteristics of Coal-tar Pitch. 


(9) Comparatively high percentage of fixed carbon. 

(10) Comparatively high percentage of non-minend matter insoluble 
in carbon disulphide (“ free carbon”). 

(11) Comparative insolubility in petroleum naphtha. 

(12) Comparatively small percentage of sulphur. 

(13) Presence of naphthalene. 

(14) Absence of paraffine. 

(15) Comparatively small percentage of sulphonation residue. 

(16) Give both the diazo and anthraquinone reactions. 
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Coal-tar pitches are remarkably reeistant to the disintegrative action 
of water, and are therefore well adapted for sul>-soil waterproofing. They 
are more weather resistant than wood-tar pilch, rosin pitch, lignite-tar 
pitch, shale-tar pitch and bone-tar pitch, liut are inferior to carefully 
prepared residual asphalts obtaineil from i)etroleinn, blown petroleiun 
asphalts, wurtsilite asphalt, fatty-acid pitches and pure native asphalts 
containing approximately the sime percentage of volatile matter (seo 
p. 341). 

Attempts have been matte to blow coal-tar pitches by the saoie process used 
for treating petroleum asphalts (p. 2S7). Siunples tested by the author showed 
a slight lowering of specific gravity, a decrease in the hardness for a given fusing- 
point, a decrease in the susi'eptibility factor (i e., the material was less iiflerted 
by change.s in temperature) and no appreciable change in the ductility. Blown 
coal-tar pitches have not liecn marketeil in commercial quantities, nevertheless they 
warrant further development 

,‘<|iecunenH of blown coal-tar pitches examined by the writer showed the following 
results: 
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CHAPTER XVHI 


WATER-GAS AND OIL-GAS TARS AND PITCHES 

Water-c.ah tar, oil-gas tar and their corresponding pitches are not 
classifi('d with “ coal tar ” and “ eoal-tar piteli,” as they are inter¬ 
mediate in tlieir properties l)etwcen the latter and petroleum asphalts on 
account of the petroleum products used in their manufacture. They are 
accordii.gly included in a separate chapter. 

Water-gas Tar. The mechanism of this process has already been briefly 
described on pag(^ 1711. A nnxiern water-gas plant having a capacity of 
to 3 million cubic feet of gas per day is illustrated in Fig. 101. This 



itntratw Carbureter Superr t., Scrubber Conaenser 


Kui. UH.--liOwe Wator-RfiJ^ Plant. 

is known as the lA)we type of apparatus. Either anthracite coal or coke 
may be used as fuel. The former should preferably show less than 7 per 
cent volatile on ignition, not more than 12 per cent ash having a high fusing 
point to avoid “ clinkcring,” also small percentages of moisture and sulphur. 
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The fuel is charged into tlie generator and allontHf to undergo partial 
combustion by admitting a liniite*! amount of primary air through the 
pijx* .4 below the l)ed of fuel. The gases thet. |ia,ss downward through the 
carbureter and the combu.stiou almost eompleterl by means of a care¬ 
fully regulated supply of sra-ondary air intnrduc(Hl through the valve H. 
Trom the carburr'ter the prmlucts pa.ss upward through the superheater, 
where the temix'rature may lie controIltHl by admitting a tertiary supply 
of air tlirough the valve (', and the priMiucIs of combustion finally [lassed 
into the atmos|)here through the stack l>. 

When the fuel in the gjis-geuerator has Iwo projrerly ignited, and 
the carbureter and su|X‘rhealer brought to the rrapiired temperatures, the 
air blasts are cut off m the s(H|ueuce: H, and A, and the stack valve D 

closed. Steam is intnsluceil into the generator through the valve K Ix’low 
the bed of incandescent fuel atid ri'sults in the production of " blue-gas,” 
according to the following reaction: ( ' + 11-0-CO-f Ilj. 'I'his is passed 
into the carbureter where it mingles with a spray of caibureling oil kown 
as "gas oil" introdiici'd through /■' '1 he mixture is (lassed downward 

through tlie carbureter whereby the oil becomes vai«iriz(sl. ^'rom the 
carbureter, the gases are passed uji through the superheater, the tempera¬ 
ture of which IS very carefully regulated at ll?(K) b'ilKI° !•'. to crack the 
oil vapors into ixwinanent gases, and this incidentally re.siilts in the for¬ 
mation of tarry nialteiN. 

The fornialion of carlsin monoxide and hydrogen by the action of 
steam on incande'cent fuel results in a lowering of the temperature on 
account of the absorption or .storing up of thenral energy, so tliat it 
Is'cnmes necessary to turn off the steam and reintroduce the air. The 
“ blowing U|) " proi e.ss is thus reiieated. At the same time the oil .spray 
IS turned off the carbureter, as its teni|«‘ralure has fallen to a [xiint Ixdow 
which the oil would not lx* superheated sufficiently to convert it into a 
pi'rniancnt gas. 

The supplies of air, steam and oil are carefully metered and the tem¬ 
peratures controlled by electric pyrometers witbin 21) to 40° ('. The 
'■ blowing ” or “ up run ” la.st.s three to five minutes, and the "gas making” 
or ‘‘ down run ” lasts two to four minutes. 

The water-gas and accompanying lurry vapors derived from the gas 
oil arc passed from the superheater through the pipe <1 info a wash-lx)x 
which corresponds to the hydraulic main in a coal-gas plant. The vapori¬ 
zation of water in the wash-lxix reduces the temperature of the gases from 
1200 to 190° F. The gases next pass upward through a serublicr filled 
with shelves carrying a checker-work of wooden slats (Fig. 63) over which 
water is allowed to trickle. From the scrubber the vapors are passed 
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downward throuf;li a walcr-cwdcd condcnspr (Fig. 60) which reduces 
their temperature to 140 ISO" F., and tlience into a relief gas-holder. 
Most of the tar is condensed in the wash-lx)x and smaller quantities in 
the 8crubl)cr and condenser. An exhauster draws the ga.ses through the 
foregoing train of aparatus and then forces them through a tar extractor, 
usually of the I’. & A. type (Fig. 69), to remove the last traces of tar. 
The temperature of the gases as they pass through the tar extractor is 
in'the neighlx)rh(s.>d of 110 to 115° F. They are finally [rassed through 
the purifier fillwl with trays of ferric oxide to remove the sulphur com¬ 
pounds, ai d thence into the main gas holder. 

The carbureting oil, known also as “ gas oil ” or “ enriching oil ” 
varies in composition di'iiending u|M)n the character of the petroleum 
from which it is derivixl. Mxperience demonstrates that oils obtained from 
a paraffine basi- [xUroleuni generate the greab'st pro|K)rtion of gas and the 
smalli'st (juantity of tar. Oils containing uusaturatisl straight-chain 
hydrocarlxins are li'ss efficient, and IIkksc containing unsaturalisl ring 
hydrnwirlsms are almost valueless. The yield of tar exprc.s.sed in |x‘r- 
centage by volume, Isused on tlii^ various ty|X's of |X‘trolcum used, is as 
follows: , 


Parnffine baw naphtha 2 4 % 

Paraffin** baM> itaa oil 5 10* ' 

ParaffiiH’ baM* rrtith* oil H 12'| 

Aaplialtin baw'Kaf "il 10 i')'' 

Aaphahio tiAA*-rriitb- oil |2 


The effect of the temperature on the decomixisition of an asphaltic 
petroleum is shown in the following table: 


To/ruMTRfiin', 

(’ll Ft (•n.w 

Tar. 

1 

('i)kr, 

ihit C 

pi-r (ini Oil 

Pit (’rill 

Pit (Vnt 

711 

fib 4 

28 0 

1 83 

741 

til :> 

2U 4 

2 43 

7.M 

fill 7 

20 2 

3 63 

7K» 

68 0 

24 2 

3 4ft 

8(12 

80 (I 

II !l 

12 43 

. -_ 


1 

_ __ 


The quantity of carbimding oil ordinarily used varies from 3.5 to 4.5 
gal. per ton of anthracite co,al. 

Water-gas tar on account of its low specific gravity fonns an emulsion 
with the associated water and separates with great difficulty. The water 
is practically free from ammonia compounds, thus differing from coal tar, 
and tlte tar is very much thinner in consistency, containing but a .small 
amount of free carbon. The methods for dehydrating crude water-gas 
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tar ha»'e lx*fii describwJ (pp. DO ISH), and t)ir dolij'dratcd waler-gaa 


tar complies 

with the following testa: 
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sukstantial amounts of iiortzi^nc. toluene, xylt-ix's. napiitlialeno ami anthrmnio Tlui 
nitroponous hitscs and p’lenols are alisent or nearly m) WViss re^KirtM ftirthcr that 
(he jM'reentafje of fit‘e earlion vanes fnuo I (M to I 0H7 |K*r <-ent, with wa(x'r*grw 
tars ranging in sjMM ifie gravity from 1 07H 1 (KK) * 

Oil-gas Tars. These are inaniifaetiired from petixdenni alone without 
the use of coal or coke. Several niethiKis have lavn used, all cnilxalyinK 
the same principle hut difTeriiiK in detail, the most iui[X>rtant of which 
arc as follows: 

FinUtch Om. This is nianufactuitxl hy spraying [wtroleurn in a closed 
retort construeted of iron or fire clay and heated to a temperature of 900 
to 1000“ hy eoinhustion of oil, gas o'- tar underneath. The shape of 

'/ Frmkhn /»■/ JTt. 277. 1911 

’J ;w Ena I'hrm . I. I(W. 1911. ullsi ». .KM. I9H. 

Fratlifin IttM , iTf, iTl, 11111. 
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the retort is shown in Fig. 102. The vapors pass to the rear and thence 
downward and through a lower chamber into the hydraulic main in front. 
The gases arc jmsscd 8u<Tc.s.sively through a scrubber, condenser and 
purifier. 

Kecently a modified form of apparatus has been used for manufactur¬ 
ing Pintseh gas under a high pressure, consisting of a heavy steel con¬ 
tainer lilled with a checker-work of brick. The checker-work is first 
heated to a high temperature by introducing steam and air. Sometimes 
the resulting tar is us(‘d instead of the oil during the heating-run. When 
the prois'r degree of heat is obtained the air is shut off and oil with a .small 
amount of steam is sprayed in under pressure. The main advantage 
resulting from (he use of pressure is the greater yield of gas. 




Pintseh gas is used extensively for railro.ad and buoy lighting. It 
may be stored in holders under a pressure of !> to 2.5 atmospheres, without 
suffering in illuminating iKiwer as woidd prove to be the case with most 
other gases adapted for lighting purposes. 

About 10 per cent tar is recovered in the Pintseh proces.s, the charac¬ 
teristics of which will Im’ describe<l under the heading " oil-gas tar ” lielow. 

Oil-mter Gaa. This proeeas is used almost exclusively on the Pacific 
coast for manufacturing illuminating ga.s, owing to the absence of coal 
deposits.' 

The installation is shown diagrammatieally in Fig. 103. The generator 
and superheater are filled with checker-works of brick. Assuming that 

»‘'Tbo Drvrlopmrnt of m Cnhfornm," proc. .4m. G<u JnU., 4 , 413, l&O®. 
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tlie totnperaf urc of tlic l)rick work has Iwon previously brought to the proper 
temperature for igniting petroleum vaijors, the staok valve A is opened 
and valve H closed. For the first thri-e minutes air (at a pressure of 7 
to 9 in.) and steam (at a pressure of 35 lb.) are admitted through the 
valves (' and I) respeetively at the top of the generator to start tin* nin. 
At the end of the three minutes, petroleum bente<l to 150° F. is introduced 
tlirough D (at a pre.ssure of 6 lb.), and the heating continued for nine 
minutes. Then air is turned off at (’, valve li oix'iied, and valve A rinsed 
in the se(|uence named. Oil and st(‘am an' then introdiiec'd through the 
valves I) and A’, and allowo<l to rontinue eight minutes, whereupon the 
oil is .shut olT. and .steam alone blown through the generator and super¬ 
heater for two minutes to purge the apparatus of oil vapors. From the 
wa.sli-bo\, the va|)ors are pa.s.se<l through serubliers filled with a eheeker- 
work of wooden slats .'is shown in Fig. IB. 

The lop of the su(s'rheater arts as a n'servoir to stole heal. The take¬ 
off valve H is at the eenire. beeause e.vix'rienee has shown that if the oil 
vapors were allowisl to traverse the entire suix'rhealer during the gas- 
making iH'riod. the illuminanis would be decomposed into nietlmne, 
hydrogen and lanipblaek. 'I'lie heat is eonirolled by the two si'ls of burn¬ 
ers /land A. If the eheeker-work iK'eoiees overheated, more oil is intro¬ 
duced, and conversely if the lem|S'ralure falls t(si low, less oil is used. 
If the teinis'iatiire of the apparatus is too high, lampblack will separate 
out in the wash-bo\, while if it is loo low an exces.sive (|uanlily of tar 
will be produced. The tar is very similar to J’intsch-gas (ar in its physical 
and chemical pro|s'rlies. During the gas-making period, the oil is kept 
at a pre.ssure of 21) lb. in the generator and 25 lb. in the supi'rlieater. 

It rei|Uires about S to K) gal. of crude oil per lOIK) scpfl. of gas, of which 
about one-fifth is re(|uireil for healing and four-fifths for gas-making. 

Hliiii dim. This is a further development of Pint.seh gas, and is 
made by cracking oil vapors at a teiniieralun' lower than in the I’iniseh 
process (i.e. .u.'iO to 000° ('.), but in a similar fonii of retort. The resulting 
gasi's are first purified by passing in the usual manner through hydraulic 
mains, coolers, cleaners and scrubbers to remove the tar, which aJiiounte 
to 1 6 per cent of the oil used, and then com|)rcssed in a Ihrei'- or four- 
stage compres.sor to 100 atmospheres, which causes the high lioiiing-point 
constituents to liquefy and absorb a large proportion of the non-lique- 
fiablc gases. The excess of the latter is use<l for running the compressor 
and heating the retorts. 

The compressed Blau gas is so constituted that upon releasing the 
pressure, the dissolved and liquefied constituents are evolved in such pro¬ 
portions that the composition of the gftseous mixture remains constant. 
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Blau g»8 is used principally for marine lighting purposes and transported 
in cylinders of about 1 cu.ft. capacity, carrying 20 lb. of the compressed 
gas, which will expand to about 250 cu.ft. at atmospheric pressure. Its 
illuminating value is greater than that of Pintsch gas. 

The tar recovered from the Blau gas process is similar in its physical 
and chemical properties to the oil-gas tars descrilied previously.' 

Properties of Oil-yas Tars. Dehydrated oil-gas tars produced by the 
Pintsch process, the oil-water gas process and the Blau gas process comply 
with the following characteristics; 


(Teat 1) 

Color Ml iiiuaa . . 

Black 

(Teat 2a) 

Homogeneity to tlie eye 

Uniform 

(Teat 26) 

Homogeneity under the niicroacupe 

... Comparatively free 
from carbonareou 
matter 

(Teat 7) 

Specific gravity at 77* P . . 

. 0 95-\ 10 

(Teat 8) 

Viaeoaity 

Moderate 

(Teat Oe) 

ConaiHteney at 77* F. 

0 

(Teat 13) 

Odor on heating 

l.ike water-gas tar 

(Teat 15a) 

FiiHiiig'point (K. and 8. method) 

<0*-20» F 

(Teat 15) 

Volatile matter at .500* F , in 4 hra 

3.5-70% 

(Teat 17a) 

FlaHh'pomt 

I.ow 

(Teat m 

Fixed carbon 

to- 25% 

(Teat 21a) 

Soluble Ml rarhnii diaiilphiile . . .. 

98-100% 

(Teat 216) 

Noii-iiiiiierul matter inaoliihle 

0- 2% 

(Teat 2l<') 

Mineral matter 

0 1% 

(Tetit 22) 

Carbenea 

0- 2% 

(Teat 2:0 

Solubility in 88* naphtha 

.50 8.5% 

(Teal 28) 

Sulphur 

<1% 

(Teat :J0) 

Oxygen 

1 2% 

(Teal 32) 

Naphthalene 

Trace 

(Teat ;i;i) 

Paraffine 

0 .5% 

(Teat 

Hulphonation residue 

20 40% 

(Teal 37) 

SHpotiilinble conetitueiitH 

'I'niee 

(Teat 41) 

Dmxo reaeiioii 

Ye« 

(Tei .1 42) 

Anlhra<|uitione rcHetion 

VCH 


When asphaltic petroleums are used to produce oil-gas tar, paraffine 
will be absent, but when non-asphaltic or mixed-base petroleums are used, 
it will Ire present in quantities not exceeding 5 per cent. 

Water-gas anil oil-gaa tars are iltstinguished from coal-tars by the following. 

(1) Alwence of aasoeiated uminonium coiniiounds in the aqueous liquor. 

(2) Isower specific gravity. 

(3) Smaller percentage of “free carlwn” (non-mineral matter insoluble in car- 
l)on disulphide). 

(4) I^arger proportion soluble in carbon disulphide. 

(6) Presence of paraffine wax when mixed-lwse or non-asphaltic {)etroIeums have 
l)een used. 

1 "Blsu Oas: A N«w Gpi (or lilaminatiog, Heating, and Pow^r Purpoaea," by William Ilallock, 
J. Sae. Chtm. /ad. tT. 500, idOS; ‘*Tb« Manufacture and Uae of Blau Qaa," by Hugo Lieber, 
Md, CAam., fa#. tS. 153. 1914. 
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(6) A subdUntiaJ proportion of sulphoiution raiidue, which oonsidored in <nn> 
ncction with the anal) percentage of mineral matter dutinguUhea them from blast- 
furmue tars 

Oil-gii.' tar may lie distinguished from water-gas tar by the fallowing: 

(1) Oil-gaa tar as a rule has a lower sitecific gravity. 

(2) Water-gas tar yields a smaller la-rcTiitage of siilphonalion residue. 


Refining of Water-gas and Oil-gas Tars. Oil-gas and water- 
gim tars when suitably dehydrated may be distilletl in aeeonlance with 
the inethmis inwal for “eoal tar" (p. 24(>). Sonietimca the water-gas-tar 
pitch or oil-ga-s-tar pitch is ini.ytHl with roul-tar pitch in suitable pro|X)r- 
lions. 

Properties of Water-gas-tar Pitch and OU-gas-tar Pitch. Water-gas- 
tar-piteh and oil-gas-tar pitch comply with the following tests: 




H'a/»r-vrt»-/rtr 

0ifn/a«*/4r 



I’llrh 

Pitch. 

lI'Ht I) 

Color III itiatiii 

1 Hlack 

Mlack 

I I't St :>.i) 

lloitiOKotK ity to till' I'X* 

1 I’niforni 

l^niforrti 

■ 1 . St 2ft) 

Hoiiiog(-ii<’it> liiHit-r iho iDirrooropo 

Small aiiioutii of carlwu viaiMa 

1 1 • St i) 

AK'sI siirlnro 

\ ariabic 

1 Variable 

St 4) 

I'rartiiro 

Conrhoitla) 

(Vinchoidal 

1 r-st 

l.uatro 

itliKhl 

Hrtgbl 

■ r. sf (i) 

Stroak 

lilack 

black 

• l.-t 7t 

S{n‘<i(ic griiAitv at 77® 1' 

1 It) 1 20 

1 15 1 30 

•l.st lift) 

Coiiaiat* ii< > at 7’® h 

10 KM) 

10-100 

f r. Ht ii'i) 

Siiii‘i-|>tihility factor 

> 100 

>100 

lest 10) 

Diiclilitv 1 

\ ariabli' 

Vanabla 

iT<si II) 

Toiimlo )ifroiiRi)i at 77® f' 

\ ariabli* 

Variable* 

;T.sf l.’ll 

(>(|or on hcaiiiiR 

('imraclt-rirtic 

1 (‘haract4*nrtif 

■fVst Mo) 

ItchftMor on iiiolfinit | 

I'anti rapidly from aolid to lirpiid atata 

iTft*t l.Vi) 

i‘'iisiniC*|>oiiit (K anti inotliotl) 

N) 27.'.® F 

W) v;.-)® F 

1 r.-st 15ft) 

FiDiinR-poiiit (It and U niclhtxl) 

100 300® F 

lOO 300® F 

1 |•.•s( l.V) 

FlIHIflK-ptnilt (CllliO tlM-tlltHil 

no .320® F 

no .320® V. 

( rfst HO 

Voifttilc iiinltor .'iOt)* F . 4 lirn 

1.'i% 

6-15% 

(Tfst l7o) 

FiiiHh-point 

3(M) 4fM)® F 

.300 400® F. 

(Ttst ID) 

Fliotl ctirlmn 

2.'. 40% 

20 30% 

(Toil 2lo) 

Solubility in carbon diaulphido 

8.'. 9fi% 

86-98% 

(Tofit 2lftl 

.Von-niinoral matter inaolublo 

2 !.■)% 

2 16% 

(Tost 21c) 

Minora) mattor 

0- 1% 

0- i% 

(Tost 22) 

Carbonoa 

2 Ift% 

2- 20% 

(Tost 2.1) 

S iliibility in K8® naplitba 

M) m% 

«6-86% 

(Test 28) 

Sulphur 1 

<*% 

<4% 

(Toat 30) 

Oiygon 

0- 2% 

0 2% 

(Tost 33) 

Paraffine 

0- «% 

0- «% 

(Tort 3.«i) 

Sulphonation roaiduo 

ei8% 

20-40% 

(Tort 37) 

Saponifiable matter . ... 

0- 1% 

a- 1% 

(Twt 41) 

Dtato roaction 

Yaa 

Yaa 

(Tort 42) 

Anthraquinono reaction 

Yaa 

Yaa 
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Representative aamples of water-^aa-tar pitch and oil-gas-tar pitch tested by 
the author gave the following results: 



lFa^er-po«-/ar 

Pitch. 

Otl'(/a»'tar 

Pitch 

(Test 9) Appeerarice aitrface aged 1 week . 

Bright 

Bright 

(Tv«t 7) Hpeffific gravity at 77* F . 

1 18 

1 20 

(Test 96) Perns ration at 115“ F (50 g , .5 eec )., . 

235 

166 

Pi*iietrution at 77“ F (100 g. 5 eve ) 

20 

6 

Penetration at .‘K® F (200 g., W) nee.) 

2 

1 

(Teat Of) Consialeiiry at ll.'i® F 

I 0 

2 7 

Consistency at 77* F . 

20 2 

28 0 

Consistency at .'12* F 

>100 

>100 

(Tcrt dd) HiisccptiOdity factor 

>uto 

>100 

(Teat ltl6) Diiclilitv at 11.5* F 

60 

65 

Ductility at 77* F 

85 

44 

Ductility ftt 92* F 

0 

0 

(Teat 11) Tensile strength at 11.5* F . 

0 2 

' 0 4 

Tensile strength at 77* F 

4 0 

1 7 5 

Tenaile »tr«‘iigth at 92® F 

7 2 

6 0 

(Test 1.5^;) Fusuig-poitit (K and .H method) 

102* F 

I2Ni'' F. 

(Test 1.56) Fusiiig-point (H ami It method) 

1?0‘' F 

1 149* F 

(Test ir»c) Fusiag'poiiit (eiihe metho<i) 

194^ K 

1591° F. 

(Test Ifi) Volatile matter .5<K)* F . 4 lirs 

10 

7 8% 

(Teat 17a) Flash-point 

328* K 

36.5° F. 

(Test 19) Fixed carbon 

27 7% 

25 1% 

(Test 2lo) Nolubte in carbon disulphide 

97 .t; 

87 8% 

(Test 216) Moii-iniiieral matter insoluble 

2 5' ( 

11 8% 

(Teat 2lr) Mineral mailer 

0 2‘ f. 

^ 0 4% 

(Teal 22) CarlH-nes 

9 2% 

4 7% 

<Tt*st .15) Siilphoiuition residue 

8 2% 

:m) 7% 

(Test 37) .Saponihable matti'r 

0 2% 

0 7% 


Water-gas-tar and oll-gas-tar pitches may l)o distinguished from coal-tar pitches liv: 

(0 'I'he small percentage of “free carlwn” (non-mineral matter insoluble in 
carbon disulphide) 

(2) The possible presence of pir.ifHne wax (when non-asi'haltic or mixed-base 
petroleums are used). 

On the other hand, water-gsui-tar pitch may be distinguished from oil-gaa-tar 
pitch by the following: 

(1) Ix)wer spceific gravity of water^itaa-tar pitch. 

(2) Latter percentage of sulphonation residue from oil-gas-tar pitch. 

Both of the.se pitches are largely susceptible to changes in tem})erature, they 
are highly resistant to the prolonged action of moisture, and are adapted for man¬ 
ufacturing low-priced solvent pmnts because of their ready solubility in “coal-tar 
naphtha." 




CHAPTKK XIX 
PETROLEUM ASPHALTS 
VAHIKTIIOS or I’CTHOI.Kl'M 


" Pktholki m asphalts" arc ohtaincd from ix'troli'Uma by distillalioii, 
blowiiii; with air at (‘Icvatcd tcmia'iatiircs, and m tlio rOininK of cortain 
distillates with sniphiirie acid, The^e metlaals will Ih' descrilHal in 
Krealer detail later. 

Petroleiiiii as it iM'eiirs in dilfereiit parts of the world, varies 
widely III eoiii|H)sition. f.’ertain varieties are eoni|HisiHl of olH'ii eliain 
hydroearlKins (p. dtt), otliom are inadi* tip exeliisively of cyclic hydro- 
carixiiis (p. .11), and still others weiir showing every possible Kfadation 
between these two extremes. Niimerotrs ehussilieations have Ix'en pro¬ 
posed, based on its chemical coniixisilion in general, or the presence of a 
siiUstaiitial proportion of eharaeteristic Isslies, such as the paraflinn scries 
of hydroearlKins, the naphthene scries, siilphiir derivatives, nitrogenous 
bodies, lionzols, terpenes, etc.' 

I'roni the standpoint of the so/id hydroearlions present, petroleums 
. ay be dividisl into three groups, viz.: 

(1) Mearing a substantial (piantity of solid paraffines. 

(2) Ifearing a substantial proportion of asphaltic liodies. 

(d) Of mixed composition, liearing Isith solid itaraflines and asphaltic 
bodie.s. 

'I'lie solid iMiralfines are usually associated with open chain hydro¬ 
carbons, and the asphaltic liodics with the cyclic hydrocarbons. The 
two extreme types of [xitroleuni, and the innumerable intennediatc groups 
are repre.scnted empirically as follows: 


Biirime Types 

Composed of oiien-chain hydro- 
c-arlions. 

Presence of solid paraffines. 

Absence of asphalt (i.e.. "non- 
fl.spt til V " I 

Sulphur and nitrogenous bodies 
may or may not be present. 


Intermediate 

Typet 


"Mixed Hnse 
Petroleumt " 


Extreme Type* 

("omiKWCHl of ryolic (aromatic) 
hy(lrorarf>ons. 

Al)flencc of aolid (xindlincs. 

PrcHence of aaphait (I.e., “a#- 
phaltic.”) 

Sulphur and nitrogenous bodi«i 
geocrally present. 


'fur a detAiM ronmdMrslion of th» eompJpt Aiibjoct, iho rt'adpr it rWcrml to tlw ritvllrot 
works of C Engirr and H< v. Hdfrr, C. F. MiWry. K. W. ChMiUcbkoff, N. A. Kwjttkowtky, 
M. A. Rakuaia, etc. 
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Open chain hydrocarbons predominate in tlie ijetrolciims produced in 
the Appalachian field (Pennsylvania, New York, southeastern Ohio, 
West Virginia, Kentucky and Tennessee), the Lima-Indiana field (em¬ 
bracing western Ohio and Indiana), the Canadian and the Alaskan oil 
fields. These are non-asphaltic, and generally carry solid paraffines. 

Hoth open-chain and cyclic hydrocarlwns arc present in the petroleums 
produced in the Illinois, the Mid-<'ontinental (extending over Kansas, 
Oklahoma, northern Texas and northern Louisiana in the neighborhood 
of Caddo and De Soto) and in the Mexican oil fields. These are representa¬ 
tive of the mixed-base petroleums, and carry both asphalt and the solid 
paraffines. 

Cyclic hydrocarbons predominate in petroleums produced in the (!ulf 
field (including southern Texas and .southern Louisiana), the California 
field and the Trinidad field. These are representative of the asphaltic 
petroleums, and are usually free from solid paraffines. 

The following refineries producing petroleum asphalts were reported 
operative in the United States during 1916: 


Ciilifornia: 

IllinotB: 

Indiana; 

Louisiana. 

Maryland: 

Missuiiri 

Nfw Jorst-y 
Nnw York; 
Ohio: 

Pvnnsylvania: 

Texas: 


16 refineries iitihtins Cidifornia rrude oil 
3 reAiiorieH utilixinK Illinois <nl 
1 refinery iiliIiriiiK Kunsus and Oklahoma oils 
1 refinery uiiIiziiik Oklahunia and Kansax rrudcA 

1 refinery iihluiiiK Tetus rrude 

2 n'fineries ulilitinx Mexican crude 

3 reli(iern‘.<i utiliting Mexican crude 

1 refinery iitilisintc Oklahoma and Kansas crudes 

2 refineties iHilitiiiK Mexican crude 
1 refinery uhlitiiiK Mexican cruile 

1 refinery uIiIiziiik Mexican and IIIidoih crudes 
t refinery u(i{izitiK Mexieun crude 

3 refineries tjfilizinK Texas crude 

2 rehnories utilizing Texas and Mexican crudes 
1 refinery ulilizing Mexican crude excluHucIv. 


PRODUCTS OBTAINED PROM PETROLEUM 

There is great confusion iti the nomenclature of the products derived 
from the di-stillation and refining of petroleum. Many terms have l)ccn 
suggested, both scientific and proprietary, but no slamlani system of 
terminology has been adopted for the purpose, much as it would be 
welcomed by the industry. 

In general, petroleum distillates are classified into seven groups, and 
the residual products into six. Each group is designated by various names, 
in some cases depending upon the use to which the material is to be put, 
in others, upon its physical characteristics, and in still others by fanciful 
terms having no special significance. ■ These will be considered in greater 
detail. 
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Distilktes 

(1) GtsoHae. The beat practice restricts the use of the word ‘^ftaeoline*’ to 
light petroleum distillates suitable for gasification iu a vaporiser, as fur example, 
in a gas machine, gasoline ton'll, gasoline stove, automobile carburetor, etc. '{'he 
term gasoline has been variously referred to by the following expressions: 

Petroleum Ether. Th'i is sometimes applie<l to pfXKlucts ranging in sieufic 
gravity from 0 590'0.700 (*08-70" liaunn'), occasionally U'rnie<l cymogene (108 00’* 
Baume, e<|Uivalent to 0.590-0.6.‘t6), canaduJ (85-70* BauimS equivalent to 0.660 0.700), 
rhigolenc (KKl* Baunu', equivalent to O.tKN)) or Sherwood oil (boiling between 40 
ami 70“ C). 'I'hese expre-ssiori-H are rarely uae«l. 

Pitroleiim jS;.irit<. A tenn rarely applied to products ranging in tpect6c gravity 
from 0 679 -0.745 (76 58* Baum.'). 

Light Ptlroleum. A term infrequently applied to distillates varying in speciOe 
gravity from 0.642 0.729 (88 62° Ilmiin.). 

Lxgroin A name in.lisrriminately applied abroad to the lover l.oiling-fKiint 
fractions; synonymous with “petrol” or “light i>e(ruleum“; use.1 to .jesignate 
gasoline for ofierating automobile motors. 

(2) Naphtha. The terms “gasoline” and “naphtha” are generally used syn- 
onymou.sly, but the lK»st practice restricts the word “naphtha” to light |)ctroleum 
products use.) a-s solvent.'^, as for example i>y varnish and paint makers, soap makers, 
cleaners, eP'., fractioned after the g:Lsoline and licfore the kerosene. I'ho lollowing 
U'mis have also liccn employed to .iesignate this product; 

Bemxue or Ikmohue. These arc u-sed to a limited ext<*nt synonymously for 
naphtha. 

“ r. M. if' P. NdiMha.” 'l'hi.s is an iibluevi.ation for “varnish maken and 
paint naphtha,” and is use<l to designate a solvent .HiiiUtble for iiuinufaeturing 
varnishes and paints. 

TurpcuUue ^InhsUtutf. A closely fractioned distillate Isdween naphtha and kero¬ 
sene, having a fairly high 6a.sh'|K>irit (Udween HO tiiid 105° K., open cup U‘st). 

Cleaning (hi. low Uiilingqioint mqihtha use.) for “dry cleaning” piirtiofles. 

Notk. Naphthas arc distinguishcl by their .^|H.M-i(ic gravity, expressed in degrees 
Baum''; thus 62° naphtha refers to a pr(j.lu<‘t having a gravity of 62° Baiim<* 
(sp. gr 0.729), etc. 

(3) Kcfosene. This (enn is applied to the di^fillaf.* fraetioncl after the “naphtha” 
and liefore the “g:us or fuel oil,” suitable fur burning in lamps or stoves by means 
of a wick, cither for illuminating or heating pur;>oses. Kerosenes are distinguished 
by their gravity e\pres.se.l in degree's Baum.*, by their fire test (tenqieruture at 
which the va|x>rs ignite), or l.y their .olor (thus, “\V. \V.” or “water-white” 
kerosene is color)eH.s, "prime-white” ha.s a straw color, “standard-white” a pale 
yellow color, ete.). 1’he following t<*rrns have lieen used synonymously for kerosene, 
viz.: illuminating oil, lamp oil, burning oil, stove oil, coal ml, carlxin oil, white 
oil, head-light oil, signal oil, engine distillate, etc. 

(4) Gas or Fuel Oil. 'I'hcse expressions, also sometimes designated “intermediate 
oils,” or “middlings,” ire applie<l to the distillate obtained lietwecn “kerosene” 
and “lubricating oil.” They usually have n high lx)iling-point (606-6.50° F.) and 
a low gravity (3(M2° BaumC*). 'fhis distillate is termed “gas oil” when it is 
used for enriching illuminating gas (p. 2^11) or for manufacturing carbureted 
water gas (p. 256), and it is called “fuel oil” when used for power or heating 
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purposes (vi*., for firing steam boilers, locomotives, heating retorts, smelting, etc.). 
“Fuel oil" is sometimes referred to under the names “power distillate," “orchard 
oil," or “smudge oil” (i.e., when burnt in orchards to keep away frost). 

(5) Lubricating Oil. This distils over after the “ga.s or fuel oil." In the 
case of paraffine-bearing petroleums, paraffine wax is separated from the lubricating 
oil by cooling and filtering. Lubricating oil has been exploited under various 
fanciful names, likewise appellations indicative of the use for which it is intended, 
including the following: neutral oil, spindle ojl, cylinder oil, mineral 8{)erm oil, 
mineral seal oil, mineral colza oil, paraffine oil, straw oil, machine oil, engine oil, 
gas-engine oil, automol>ilc oil, compreaser oil, ice-machine oil, dynamo oil, harvester 
oil, cream-separator oil, transformer oil, floor oil, etc. 

Lubrk'atiiig oils arc designated by their viscosity (in terms of the Saybolt A 
viscosimeter), their s{)ecific gravity (degrees Uaumc), and fljush-point. For certain 
purposes they niust withstand low tem|)cratures without solidification, and for 
others, high temj)eratures without (^nrlionization or appreciable loss of volatile con¬ 
stituents. 

(6) Paraffine Wax. I’his is derived from paraffine-ljearing petroleums, being 
8eparate<l from the luliricating oil and paraffine distillates by crystallization at low 
temperatures and filter-pressing. It is distinguished by its color and melting-point. 
The terms “paraffine sitale” and “scale wax” are generally applied to the low 
melting-point variety, and “refined paraffine wax" to the harder variety. Its 
melting-point varies from 100 13.')® F. (see p. 307). 

(7) Wax Tailings. 'I’his represent the fraction obtained in the dry distillation 
of petroleums, and recovered immediately prior to coking. It is peculiar in its 
properties and generally free from jiaraf ine wax (sec p. 310) 


Residues 

The following represent the various cliussos of residual pnxlucts obtained in dis¬ 
tilling iietroleiims: 

(1) Residual Oil. 'I'his term is appli'Hl to the residue obtained from the 
dry distillation of paraflinc-liearing jictrolcum, the steam or the dry distillation of 
mixed-base ixitroleums, and the steam ilistillation of asphalt-l)oaring petroleum. It 
is characterized by being liquid or semi-liquid at room fcinperatures. The following 
terms are used synonymously with residual oil, viz.: asphaltum oil, liquid asphalt, 
black oil, flux oil, jietroleum tailings ami somet'ines also fuel oil. When it is derived 
from paraffinaceous petroleum it is sometimes called “paraffine flux.” 

Notk. fUmi Oil and Ihisl-Uif/ittg Oil, are ti'rm." applied to the residual asphalts of 
liquid to semi-liquid consistency used for laying particles of dust on roads, includ¬ 
ing also the ha«ler re.sidunl asphalts rendered liquid by dissolving in “gas or 
fuel oil,” the solvent lieing supposed to evuiwrate slowly, in time leaving the 
dust particles covered with an adherent film. 

(2) Residual Asphalt. This is applied to the residues obtained from the steam 
or dry distillation of mixe<l petroleums and the steam distillation of asphalt-bearing 
petroleum. It is characterized by being semi-solid to solid at room temperature. 

Note. Road-binder. This term is applied to residual asphalt distilled to the 
proper consistency, or mixtures of residual asphalt with blown asphalt. These 
are not supposed to evaporate and are used for binding road-making materials 
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t(^ther. The term is used synonymously with 'Varpeting medium’* and "seal* 
coating material.” 

(3) Blown Asphalt. A term u.scd to designate the products obtained by blow¬ 
ing air through residual oils at elevated tein|M>nitures (see p. 287). This term 
is used 8ynonymou.sly with “oxidised asphalt, ” “o.xygenizetl asphalt,” and “con¬ 
densed asphalt.” 

(4) Sulphurized Asphalt. This tenn is applied to the product obtained by 
heating residual oil or residual itsphalt with sulphur at a high tein{x*rature. 
This name is also used synonymously with “I)ubl)s asph.dt,” "Pittsburgh flux,” 
or “Ventura flux.” 

(5) Sludge Asphalt. I'his term i.s applieil to the asphalt-like produ(‘t se|>arated 
from the acid sludge pnidm^ii in the nTining of f>etroleuin distillates with sul¬ 
phuric acid. (See p 3(KI.) It i.s also known under the names “arid asplmlt” 
and “arid-sludge asphalt.” 

{(») Coke. 'I’his is the resi<lue produced in the dry di.stillation of non-asphaltic 
or mixed-base i)etroleum.s {.see p 2.S2K 

In addition to the foregoing, the following product i.s obtaineil by treating |)etro- 
leum in a HiK*cial way: 

Petrolatum. This name is applied to a prcnlutd obtained by diluting crude 
paraffitiaccous i)etroleum with naphtha and then subjei’ting the iiiixture to a low 
teinjierature, when a n'sidue settles out, which is ilrawn off and distilliMl until the 
naphtha is nmioved, whereutK)n it is deiolori/.c l by filtering through fuller’s earth. 
It is likewise known under the names vaseline, i)etrolcum jelly, liiiuid i)araffine, etc. 


DEHYDRATION OK PETROLEUM 

Nearly all crude petroleums carry more or less water, some being 
entrained mechanically, and in other cases ludd in a .state of emulBion. 
Before the i>etroleum can Ite dislilhul, the water must be separated. 
The following methods are tised for the purpose: 

(1) Sdtling. This method is similar to that do-cnlied under tars on p. IHI, 
and is only of value when the whUt is not emulsified with the oil. 'J’he oil is 
maintained at 1(K)-150° K, with steam eoils at the lK>t1om of the tank to increase 
its fluidity and promote the water settling. 

(2) Henting under PrcHHure. 'Hiis method has given good results with certain 
viscous C'alifornia |)etrolcums (esjHMially those obUiined from the Coalinga district), 
in which the water is partly entrained mechanically, and partly carried in a state 
of emulsion. The method consists in passing the oil through coils of pipe heated 
in a furnace to 250-.3(X)® V. under iircssure.' I’lwn releasing the oil at atmospheric 
pressure in an air-cooled tow'er 18 ft. high and aiwut 16 in. in diameter, the 
globules of water are converted into steam and this with the light oils, are led 
from the top into a water-cooled condenser, where the oils arc recovered. 1'he 
residual oil is drawn off at the ix>ttom. The plant is illustrated in Fig. 104. 
Another alternative consists in heating the petroleum under pressure in a closed 


* HtrdiaoD, TroM. Ap* /n«f. Uintn^ Eng., M, 637, 1015, 
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receptacle to allow the water and itnpuritieii to settle out, and then permitting 
it to cool quietly.' 

(3) MUliff HoMt System. Air heated to 1000° F. is blown through a per¬ 
forated pipe into a tank carrying the cold oil. This converts the water into steam 
and vaporises a small quantity of light oils which are recovered by passing the 
vapors through a lendenser. 



From “The Ari»“ncan Ptfrolcum Industry,” hv Unnon and Hamor, 
Fio. 104.—Plant for Dehydrating Petroleum. 

(4) Electnail Mdlml This has been |)crfectcd by Cottrell, and Ls similar to 
Method 7 desenliedunder "Tar” on p. IHO, (insisting m subjecting the crude petro- 
eum to a current of 10,000 to l.'i,000 volts. 


METHODS OF REFINING PETROLEUM 

The dehydrated petroleum i.4 separated into various commercial 
products by fractional distillation - (sec p. 2()(i). The proce.ss may be 
intermittent or continuous. Both systems are in vogue, and each will 
be considered separately. 

Intermittent Distillation Processes. Petroleum may be distilled inter¬ 
mittently in either horizontal or vertical stills. Horizontal stills arc set 
in brick walls which may be carried up on all four sides so that the still 
is completely enclosed, or else the ends may be allowed to project free. 
In the usual form, cast-iron lugs are riveted to the sides and allowed to rest 
on the brick work. In another form, metal loops are riveted to the top of 
the still, to engage hooks supported by “ I ” beams resting directly on the 

t U S Pat. 800,762 of Jiin 16, 1008 to J. A. Dubbs. 

• ‘‘Ampfloan Petroleum Induatry,” by Bacon and Hamor; “The Manufacture of Petroleum 
Product*,” by F. 0. Robinson, Mtt. CHem. Enff, tl, 389, 1913; ”Da» Erddl.” by Engter-Hofer, 
loe cit. 
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brick walls or on metal columns outside of the settinR. The walls are 
usually carried up half-way, the ends and upper portion of the still l)eing 
covered with some non-conductive material to prevent radiation luid 
loss of heat. 

Heating is effected by means of gas, oil or coal, depending upon which 
may be procured cheapest locally, (las or oil is introduced thnnigh 
specially constructed burners, and coal is burnt on a simple form of grate. 
The stills may be fired either at the ends or the'sides, the lntt('r giving a 
more unifonn distribution of heat. Modern stills are made large enough 
to carry 1000 to 1500 barrels (of 42 gal. each). The diameter varies 



from 10 to 15 ft., and the length from 40 to .50 ft. Two fonns of an 
800- to 900-barrcl still are shown in Figs. 105^4 and 105/f, the fonner being 
equipped with a dome and the latter without. 

A vertical still of greater diameter that) height with a dome-shafied 
top and a concave tottoni was fonnerly used extensively in this country. 
It is popular abroad, and is occa.sionally eneountc*red in the United States, 
but is rapidly going out of use (some arc used in the Kansas and Ihmnsyl- 
vania oil fields, 16 ft. in diameter and 10 ft. high, mounted over a series 
of arches). 

The vapors from the still (A) are led to the condenser, consisting of 
coils of pipe (M) surrounded with water in the tank (/>). The con¬ 
densate is conveyed through “ running lines ” (0) to the “ tail house ” (N) 
where the lines are provided with “ look-boxes ” (F) so the operator may 
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ascertain the gravity and observe the appearance of the distillate. From 
the look-boxes the linos connect with a manifold (Q) to deflect the 
“ stream ” into any desired receiving tank. The installation is illustrated 
diagrammatically in Fig. 106. The fuel is burnt on the grate (F), the 
hot ga.ses passing over the fire-arch ((’) into the flue (D). The ash-box 
is represented by (0), the pipe for introducing steam by (0), and the 
pipe for drawing off the residual by (//). 

The intermittent distillation may be carried on either with or without 
the use of steam. When steam is employed, the proce.ss is known as 
" steam distillation,” otherwise it is termed “ dry distillation.” 

(I) Dry Dislillution. This is sometimes termed the “ straight ” or 
“ destructive ” or “ cracking ” process, by meatis of which a certain 



Kill. l()l).--l’liinl for ItofiiiiiiK I’d l■ol('um. 


proportion of the higher boiling-point constituents decompose or break 
down, forming corresfxmdingly larger yields of the low boiling-|x)inl 
constituents. The dry distillation proci'ss is accordingly u.scd when 
the distiller wishes to produce the maximum amount of gasoline and illu¬ 
minating oil, or in cases where the crud,‘ is unfit for manufacturing lubri¬ 
cating oil. Non-asphaltic ix'troleums are ordinarily treated by this method 
on account of the high price commanded by their low boiling-point dis¬ 
tillates. In this process the complex molecules are broken ilown into 
simpler ones upon subjecting them to a prolonged heating at temiieratures 
at which they are unstable. 

(2) Steam Distillation. This is also termed the “ fractional ’’ dis¬ 
tillation process and consists in intriKlucing dry steam, termed ” bottom 
steam ” into the still, which as.sists in the vaporization of the volatile 
constituents and minimizes dcrom|X)sition of the distillate and re.si(lue. 
Its action is based on the physical law that the laiiling-point of a pair of 
non-niiscible or slightly miscible liquids is lower than that of either pure 
component. The introduction of steam, therefore, serves to materially 
lower the boiling-point of the petroleum, and produces the maximum yield 
of heavy lubricating oils. It also tends to economize in fuel, and to shorten 





PETROLEUM .WHALTS 


273 


the distillation process. The .steam iijx)n Ix'inu (l>'i<'d l>y pa.ssing through a 
trap is introduced througli perforatetl pi|X‘s at tlic bottom of the still, only 
when the temperature of the contents e.xeeed.s the lx)iling-point of water. 

Sometime.s a partial vacuum is used in conjunction with steiun to 
still further reduce the tendency towards cracking, thus increasing both 
the quantity and quality of the distillates, and reducing the duration of 
the process. This is ba.s('d on the well-known physical law whereby the 
boiling-ix)int of a liquid decreases with a reduction in atmospheric ju'essure. 


1 



From “Tho Amorioftn I’t troloum Ii'dtislry," hy Baron and llaiiior. 

Fui. 107 -••To\V(‘r Sy'stcrrt for Distillinjc IVlroloum. 

Another modification consists in inter[X)sing a series of air-cooled 
“ towers ” Ix'twcen the still and the condenser. The.sc act as dephlegma- 
tors, and result in a sharp separation of the various fractions, since the 
condensation which takes place in the towers washes the ascending vapors 
and purifies them. The vapors are conducted from the bottom of one 
tower to the top of the next, and so on, and separated into as many 
fractions as there are towers. This obviaU's the necessity of redistilling 
the fractions. The tower system is illustrated in I'ig. 107. 

Continuous Distillation Processes. The continuous process was first 
perfected in Russia and is now being used very largely in the United 
States, particularly in the flulf and California oil fields. 
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Numerous methods have been suggested and tried for distilling petro¬ 
leums continuously, only two of them, however, have come into use gen¬ 
erally, viz.: the “topping process ” and the Livingston process. They 
reduce the cost of treatment, increase the output of the plant, and effect a 
sharper and cleaner fractioning of the distillates. Steam may or may 
not be used. 

(1) Topping Process. This is also known as the “skimming ” process, 
the object of which is to distil the gasoline, naphtha, kerosene, and in 
certain cases the gas or fuel oil without, however, removing the lubricating 
oil. Most of the refineries in the ('alifornia, Louisiana, Texas and Mexi¬ 
can fields do not prcKlucc lubricating oils on account of the inferior products 
derived from the respective petroleums. As a much more expensive 
equipment is rcquiosl to manufacture lubricating oil, even when the 
crude does contain good lubricating fractions, refiners will often avail them¬ 
selves of the topping process to reduce the cost of etiuipment and plant. 

Various forms of topping plants are used, all operating in accordance 
with the principle employed for dehydrating petroleum by “ Heating unihu' 
Pressure ” (sec p. 209). The oil is first pa.ssed through coils of pipe and 
heated under pressure in a furnace, and then allowed to expand into 
a vertical separating chamber where a suitable spreader cau.ses it to How 
downward over the walls in a thin film. The uncondensed vapors are with¬ 
drawn from the top and parsed through a water condenser. The top|)e<l 
oil Hows from the Ixittom into a heat exchanger where it transfers a good 
portion of the heat to the crude oil on its way to the furnace. The 
exchanger consists of pipes surround('d by wall-insulated pipes of larger 
diameter. The crude oil is passerl through the inner pipes and the 
topperi residuum through the outer ones. A typical illustration is shown 
in hig. 108. 

The liquid to semi-liquid residuum obtained from the topping 
process is marketed under the names “ asphaltum oil,” “ residual oil,” 
“ fluxing oil ” or “ road oil,” or if the distillatioti is carried further, the 
residue may Iwome almost .solid in consistency when cold, in which event 
live steam is introduced into the separating chamber to facilitate the 
removal of the volatile constituents and prevent the residue from becoming 
cracked and deteriorating in quality. 

(2) Liinngston Process. This was perfected by Max Livingston of the 
Atlantic Refining Company, Philadelphia, the apparatus lieing illustrated 
in Fig. 109.' It consists of eleven or more stills arranged side by side on 
a masonry foundation (36), with a separate fire chamber (12) underneath 
each still. The crude petroleum passes through the supply pipe (27) 

> U. S. Pat. 728,2.17. May 19, 1903. 
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into still No. 1 (on the left of the figure) which is provided with an 
internal steam coil (17) to precipitate any water and earthy matter carried 
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by the oil. The vapors generated in this still arc drawn off through the 
vapor pipe (IC). 
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The oil freed from water and earthy matters then passes into still 
No. 2 (shown to the right of the first still), provided with a steam pipe 
(30) connected with a branch (31) leading to the Imttom of the still to 
assist heating tlie oil, also with a series of fire flues (14) for the same pur- 
po.se. Successive pairs of stills are alternately connected together at 
opposite ends by U-shaped connections (19), joined by ellmws (20) to 
stand-pipes (21) inside the stills, the heights of which predetermine the 
liquid levels. lOach stand-pipe (21) is surrounded by a sleeve (35) open 
at both ends, the upper end rising above the liquid, and the lower reaching 
a point near the bottom of the still. This devic(! conveys the liq.iid 
from the Mlom of the still into the following one. 



Fkj. 109. —Livingstna A|)|)aratus for Confitiu(m.s Di.itillnlioa of Pctrolcurn. 

The uppr'i- end of the stand-pi|X‘ (21) is brought to a slightly lower 
level in each succeeding still, so that the oil will flow by gravity through 
the entire series. The height in each still is adjusted to compen.sate for 
the diminution in the volume of its contents corresponding to the quantity 
of distillate removed. The vapor-space above the liiiuid in the series of 
stills increases as the distillation progresses and results in the production 
of purer distillates, due to a partial condensation of the higher iKiiling- 
point products, which wash the vapors in a manner similar to that which 
takes place in the “ tower system ” (p. 273). 

The vapors from each still are passed through separate condeigsers 
which recover fractions of uniform composition. The number of frac¬ 
tions depends upon the number of stills in use, the heavy residuum being 
withdrawn from the bust one through the pi|ic (19). 

An ingenious series of pipes is provided so that in case any still needs 
repairing it can be temporarily cut off, and substituted with another. 

The process is readily controlled, economical to operate, and results 
in more unifonn and better quality distillates. It is equally adaptable 
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to the dry and steam distillation processes, also for distilling light fraction! 
as well as heavy lubricating oils. 

Steam Distillation of Asphalt-bearing Petroleum. In practice, asphaltic 
petroleum is subjcc-ted either to the “ steam distillation ))rocess ” (see 
p. 272) or to the “ topping process ” (tve. p. 271). The distillation is 
designed to separate: 

(1) Gasoline, naphtha, kerexsene, and in some ca.scs the gas or fuel 
oil, in which event the rc-siduum will be of a li(|U'(l or .semi-liquid consist¬ 
ency, designated “ residual oil.” 

(2) Gasoline, naphtha, kerosene, gas or fuel oil, and lubricating oil, 
in which event the residuum will Ix' of a si'mi-.solid to solid consistency, 
designated “ residual asphalt.” 

The charge of |K>troleum i.s distilled until the residue attains the proper 
consistency, which is controlled by .sampling the residue through pet- 
cocks set 111 the still, or by recording the teni|X‘iature of tlu' residue, or 
by observing the character of the distillate. 'I'he further the process is 
continued, the higher the hising-point and the harder the consistency of 
tiie re.sulue. The temix'rature of the re.sidile at the termination of the 
process wilt vary txitween IKK) and 7,')0° K., and the time of distillation 
U'tween twelve and thirty-six hours. When the distillation is completed, 
the residuum is run or blown into a closcil cylindrical ve.s.sel constructed 
of steel, where it is allowed to cikiI until the leiiqx-rature is rtxiuecd suf¬ 
ficiently to iKTinit its Ix'ing filled into barrels or drums without danger 
of Igniting on coining in contact with air. 

Where the residue is distilled to a definite consistency without further 
treatment, the di.stillation is known as ‘‘.straight running,” and the 
residue a “ straight run lusphalt.” In certain ca.s(>s a portion or “ fraction ” 
of the distillate is mixed with the residue at the close of the distillation, 
which is termed “ cutting back,” the object of which is to modify the [irop- 
erties of the residual prixluct or to economically dispose of a fraction which 
otherwise has little value commercially. 

If the process of distillation is conducted too rapidly, or the tem¬ 
perature is pennitted to rise too high, the residue “ cracks ” and liecomes 
altered in composition, usually with the simultaneous fonnation of con¬ 
siderable carlxjiiaceous matter. 

Tabic XXI shows an outline of the steam distillation process of treating 
asphalt-bearing petroleum, including the production of lubricating oil. 
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The following products are obtained;' 

Gasoline...Of 00^ Baunti 

Light naphtha (“No. I Topa").Of 55* Baum^ 

Heavy naphtha.Of 50 and 45® Dauni5 reapectivaJy 

Keroaenc.Ranging from 40 to 48® Baum4 

Gas or fuel oil, inrluding a protiiirt markvtrNl aa “orchard beating oil," or “amudge 
oil," ranging from 20-28* Baum^ (burnt in orcharda to prevent front from dam* 
aging the treoe), also a fuel oil of 27® Bauni4. having a fluah-pomt of 150* F. 

Lubricating oil.Ranging from 17 to 25® Baum4 

Residual asphalt.Of varying liardncss and fusing-point 

Road oil..... .Varying in gravity from 20~18* Baum^ 

The following yields arc obtained from California asphaltic petroleum:^ 


Gasoline (flO* Baum4). 

Naphtha (55* Baum6). 

Kerosene (35-42* Baum^). 

Gas or fiiol oil <2.i 30* Baum4).. 
Lubricating oil (17-25* Bnum^). 
Residual asphalt. .. 

Loss. 


Trftcc-2ft% 
Tracc-15'J, 
Traci-lW i, 
. 10'40% 

l.’V-70% 
20-40% 
1- 4% 


Steam Distillation of Non-asphaltic and Mixed-base Petroleums. The 
object of this process is to avoid cracking, and obtain the maximum yield 
of lubricating oil. The stills arc charged four-fiftlis full with the oil and 
the fires lighted. When the temperature roaches 280° F., all of tlie crude 
light naphtha has distilled off, whereupon steam is introduced tlirough 
perforated pipes at the bottom, at first slowly, and then more rapidly as 
the distillation progresses. The procedure is shown diagrammatically in 
Table XXII, p. 278. 

The crude heavy naphthas have distilled off wlion the temperature 
reaches 330° F. (alx)tit 11.')° lower than when distilled dry), the crude kero¬ 
sene when the tcmjX'rature reaches ,5(X)° F., (about 12.7° lower than when 
distilled dry), and the paraffine distillate when the temperature reaches 
020° F. At this point the distillation is stopiicd. In the case of non- 
a.sphaltic crude oil, tlic so-called “ cylinder stock ” remains in the still, 
and with mixed-ba.se crude, an asplialtic residue remains behind, which may 
either bo marketed as such, or treated with air to produce a “ blown as¬ 
phalt." 

The following yields arc olitainod: 



Nun-nephiiltii* Petrolttim 

.\lixei|-ba»fi Petroleum. 

Crude light naphtha. 

10-15% 

8-13% 

Crude heavy naphtha . 

10-12% 

8-13% 

Crude kerosene. 

35-50% 

20-35% 

Paraffine diatillate. 

15-25% 

28-30% 

Cylinder atock. 

8-15% 





Loas. 

2- 4% 

2- 4% 


>"Tbi AmeriegQ Pntroieum ladutlry." by Bacon and Hamor, Ut edition, p, 503. 
tfiuUvtin No. 33, Caiiforaia State Mining Bureau. 
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Crude light naphtha, crude heavy naphtha, and crude keroaene are 
refined further by 8ubje<'ting them to: i 

(1) A second steam distillation. 

(2) A chemical treatment with sulphuric acid and caustic soda. 

The paraffine distillate is subjected to a second dry distillation to 
convert the paraffine into a crystalline fonn which may be filtered more 
readily. The distillate is then coolwl to 20 or 25° F. and filter-pressed 
(see p. 307), to separate the so-calle<l ‘‘ pressed oil ” from the “ slack 
wax.” The prcs.so<l oil is then stcaiiMlistillcd to separate the gas or fuel 
oil from the neutral oil stock, and the latter is again steam-distilled to frac¬ 
tion the various lubricating oils, which are finally purified with sulphuric 
acid and caustic soda. The slack wax is treated as dcscrilx'd on p. 308. 
The cylinder stork obtained as a residue from non-asphaltic petroleum is 
first treated with sulphuric acid and caustic .soda and then filtered through 
fuller’s earth (a variety of clay obtained in Florida and Georgia, of fine 
texture and low specific gravity which has the property of retaining any 
dark-colored constituents). The distillate is forced through an upright 
cylinder having a perforated Isittoin, an<l holding 10 to 20 tons of the 
fuller’s earth, under the combined influence of heat and pressure. 


The folhnvinn rommercini pnsliicts are obtained by the steam distillatioa of 
non-asplialtic and ini.\ed-base petroleums: 

(l.'tsohnes varyini? in (tr-'ivity from 70-86“ Baume; 

Ueodunred l.isht .Naphthas varying in gravity from 60-74° Uaumr*, inelud- 
ing: 

V. .M. i I*. Naphtha (Henrinc) having a gravity of 63° Haumi'; 

lieislorizcd Heavy Naphthas varying in gravity from 54-.W° Baumf'; 

Kcrosene.s varying in gravity from 54-38“ Baume; including producta of 

52° Baumf' and i:t0° K fire tc-st (“Export Oil”); 

49° Baume ami 130° F. fire test; 

48® Baume and TTo® F. fire test; 

47° Baumf* and 1.50° F. fire teat: 

41-38° Baumi; (“.Mineral Coka Oil”); etc. 

Gas or Fuel Oils ranging in gravity from 38-361° Baumi'; 

Lubricating Oils ranging in gravity from 30-32° Baumt', including: 

the “non-viscous lubricating oils’! (having a viacoaity under 1.50 on th« 
Saybolt “A” Viscosimeter), and the "viscous lubricating oils" (hav¬ 
ing a viscosity between ISO and 240). 

Paraffine Waxes, including: 

“Yellow Crude Scale," "White Scale,” and “Refined Wax.” The fusing- 
points range from 110-130° F., and are ordinarily marketed in grades 
of 118-120° F., 122-124° F., 124-128° F., and 128-128° F. 

Refined Cylinder Oils for use in steam cylinders at high temperatures, ranging 
in flash-point from 540-630° F., with fire-points from 550-750° F. The 
higher the fire- and flash-points, the more valuable the oil 
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D17 Distillation of Non-asphaitic and Mixed-base Petroleums. The 
object of the dry or" cracking ” distillation of petroleum is to increase the 
yield of the low boiling-point products, including the gasolines and naphthas. 
The distillation is carried on in the following manner: when the tem¬ 
perature of the oil in the still reaches 175 to 200° F., gaseous products are 
firet evolved, followed hy the "crude light naphtha,” which continues 
to come over until the temperature in the still reaches about 320° F. At 
this temperature the " crude heavy naphtha ” commences to distil and is 
fractioned until the temperature reaches 475° F. Then the crude kerosene 
commences to boil over, and is fractioned until the contents of the still 
reach 625° F. A large amour t of “ cracking ” commences at this point, 
and the fires are accordingly moderated to slow down the distillation and 
accelerate the dccomiwsition as much as possible. The “ cracked ” 
distillate is fractioned until the temperature in the still reaches 675 to 
700° F., whereupon the distillation is brought to a close. There remains 
a viscous dark-colored “ residuum ” varying in gravity from 20 to 25° 
Hautn6 which may cither Ire marketed under the name of “ residital 
oil" or “ flux oil ” or else distilled separately. The method of pro¬ 
cedure is illustrated in Table XXIII, p. 270. 

The crude light naphtha, crude heavy naphtha and crude koro.scne 
are treated as descril>ed under the steam distillation process of non- 
asphaltic and mixed-base petroleum.s. The cracked distillate is .steam- 
distilled, and the respective fractions purified with sulphuric acid and caus¬ 
tic .sOda, and the gasoline, kerosene and gas or fuel oil separated in the 
manner outlined in the table. 

When the residue is dry distilled in a separate still known as a “ tar 
still,” the operation is carried on as rapidly .as pos.siblc to avoid unneces¬ 
sary cracking, and render the paraffine crystalline. The paraffine distillate 
comes over first, followed by the wax tailings, until nothing but the coke 
remains in the still, which after cooling is removed with a pick and shovel. 
The paraffine distillate is treated in the same manner as de.scril)ed under the 
heading “ Steam Distillation of Non-asphaltic and Mi.\ed-base Petroleums.” 


The following average yields arc obtained: 


1 Non*Mphaltir IVtroleuiu. 

MiicxJ-busr IVtfolfum. 

Crude light naphthn . .. 

5-8% 1 

G-8% 

Crude heftvy ntphthe. 

7 -tIVi 1 

13-15% 

Crude kerown#. 

40 -43% 

16-18% 

Creoked dIetUUte. 

25 - 30% 

20-25% 

Reeiduum . 

10 -12% 

40-50% 

. . 

1 5-6% 

4- 5% 

Ufvn JuttUaHon 0 / Ihf refiduum.' 



Puftffinc dieliiUtP 

8J- pww 

35-42 pftrte 

Wftx (itiiingi* 

1 pert 

' 1- 2 parta 

Coke_ 

t - 2 piirt* 

4-6 pari* 
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The following represent the more iniportant produrts obtained; 

Gasolines and naphthas corresponding with those obtained from the steam 
distillation process. In addition, there are obtained a series of heavy 
naphthas ranging in gravity from S6-S0° liaumiS used in the i>aint and 
varnish trades and for dry cleaning purposes, likewise a naphtha of 
48-50° Kaumo used by vamiali manufacturers as a “turpentine sub- 
, stitute.” 

Kerosenes varying from 52-30° )tauin(<. 

Gas or fuel oils varying from 40-28° liaumO. The gas oils derived from 
mixed-bn.se iietroleums have a gravity of 34-3(1° Uaum5. 

Lubricating oils .similar to those obtained from the steam distillation proeess. 

fU'siduum ranging from 35-18° Ihtumi^. 'I'he residuum obtaineil from 
iu>n-a.sph;iltic iietroleiim varies from 21-22° llaum5, and is used for 
laying dust (“road oits“) and for fluxing harder asphalts. 

Paraffine wax of the same gnides as obtained from the steam dislillnlion 
process. 

We will now take tip the asplialt.s derived from pelroletmi,whieh may be 
eliussilied into four grotips, viz.: residual oils, blown asphalta, residual 
asphalts and sludge asphalts. 


RESIDUAL OILS 

These are obtained in the following manner,' viz.: 

(1) The dry distillation of non-a.sphaltie petroleum. 

(2) The dry or steam distillation of mixed-ba.se petroleum. 

(.'{) The steam distillation of asphaltic petroleum. 

They are characterized by being liquid to i<cmi-li(|tiid at room tem¬ 
perature (77° E.), having a fusing-point of less than 80° E. (K. and S. 
method). 

The characteristics of the residual oil depend upon threr; factors, 
viz.: 

(1) The nature of the petroleum from which they arc prodtieed. 

(2) The extent to which the distillation has Ijecn carried. The smaller 
the amount of volatile constituents removed, the more liquid will Iw the 
residual oi'. 

[^(3) The care with which they have been prepared. 


I “BitiiniinouA MatPriaU for I’m* in aod on Hoad Hurfaopa. and Meant of Determininc (heir 
CbararlPr," by C’lifforfl KiohartJiwjn. /Voc, Am AW Tp/tfintf Mafmalt, #, 5f(d, 1909; "The Modem 
Aephalt Pavement/’ by Clifford Uiehardaon. New York, 1908, ”Charaet4^«tie« and Differentiatioa 
of Native Ditumena and their Kemdualt.'' by Clifford Hichardton, Bng. Rtc9rd, 8f, 468, 1013; 
“ Laboratory Manual of Bituminoua Materialt," by Pr4voat Hubbard. l»t «diUoo. pp. I23'127t 
191G. 
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The character of the petroleum from which the residual oil has been 
produced ia indicated by the percentage of solid paraffines contained in 
the residual oil and its specific gravity at 77° F., viz.: 



Sperifio Gravity 

Solid Purufliiies 


at77«F (Tcflt?). 

(Test 33) 

IkHidual oih from non-ft'tplialtic potroloum.... 

0 95 

4 0- 15 0% 

Rcildunl oilii from mixed'boM pl•t^)lc^m_ 

O.flO-I.OO 

Trace- 5 0% 

Kimtilual oiU from aaphaltio petroleum. 

0 1)5-1 02 

0 0 0 25',; 


Residual oils derived from petroleum composed principally of paraffi- 
naceous hydrocarbons have the following disadvantageswhen used as Huxes: 

(1) They are apt to show a .separation of solid paraffinaceous hydro¬ 
carbons at low temperatures, giving the oil a gritty appearance. 

(2) They do not flux with the hard asphalts and asphaltites as readily 
as the residual oils derived from petroleums containing a substantial 
amount of aromatic hydrocarl)ons. It should l)c noted that the residual 
oils derived from asphaltic |X'trolcum constitute the best re.sidual fluxes. 

(3) They are apt to show a separation of greasy matter (paraffine 
or vaseline-like bodies) after having l)ecn fluxed with hard asphalts 
(Test 3). 

Residual oils from non-asphaltic petroleum are not produced in 
largo quantities to-day, as this character of petroleum is generally distilled 
to recover the lubricating oils and paraffine wax (see “ Treatment of 
Residuum ” in the dry distillation of non-asphaltic petroleum, p. 282). 

Residual oils from mixed-base petroleums may be divided into two 
classes, namely, those derived from mixed-base petroleums produced in 
the United States, and those derived from Mexican petroleum. The latter 
may 1)C differentiated by a higher percentage of fixed carbon (alrout 10 
per cent vs. less than 5 per cent in the United States product), a .smaller 
percentage of saturated hydrocarbons (less than .lO per cent vs. greater than 
50 per cent in the United States product), a larger percentage of .sulphur 
(greater than 4 per cent vs. less than 2 per cent in the United States 
product) and a lesser solubility in 88° naphtha (about 80 per cent vs. greater 
than 90 per cent in the United States product). 

Residual oils derived from asphaltic petroleums may be divided 
into two classes, viz. those obtained from Trinidad petroleum, and those 
from United States asphaltic petroleums. The former is differentiated 
by a larger percentage of sulphur (greater than 2 per cent vs. less than 
2 per cent in the United States product). 

Another important criterion in arriving at the value of residual 
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oil for certain purposes is the pereentaKc of volatile constituents. The 
greater the percentage of volatile matter, the less durable it will be upon 
exfX)suro to the weather. This is important when the residual oil is 
used to flux harder asphalts and asphaltiU's, in which event it is desirable 
that the volatile constituents shall not e.xceed 5 per rent at 500° h'. in four 
hours t'lY'st 10). Kesidual oils of this character will withstand exposure 
to the weather remarkably well, either when used alone or in various com¬ 
binations (as fluxes), ami very much Is-ttcr than any of the tars. They 
are not as efficient in this resix;ct, however, as the soft (non-volatile) 
fatty-acid pitches and vegetable and animal oils and fats. 

itesidual oils in general comply with the following characteristics: 


(Test 1) Color in iniwa . Browninli bUrk to 

black 

(Teat 2a) Honu)*r. inity to tbc <•>«* at room toinpiTaturp.I’niform to Rfitty 

(Teat 26) HoinoRfitciiy under tin* micnwopi’ . . • I'm/orm to lumpy 

(Tfjtt 2) Appeartiiifc curfare iiri‘< 1 iiuJtHtrn ... . Variable 

(Test 7) S'lN-oifir Rratity at 77* F. . . . 0 J 05 

(Test 8) Niteosity •• •■ Variablo 

(Test 9f) C'oiisisteiicy at 77* F . • 9-7 

(Test 10) Dueiitil> .... ■ Variable 

(T- Mt 13) ()<lor on beating <bly 

(Test I.'ki) FusiiiK-iJoiiit (K and 8 method) O-KO* K. 

(Test blft) Kiising-jmliil (B Ullil 11. Iiielbotl) 10 DH® F. 

(Test Hi) \olnlile matter .... \anable 

{I’lst 17a) Flii'*lf|*'»'d 300 r»riO® F. 

(Trsl 18) Ibiriiing-point • • 350 O.'iO* F. 

(Test 11» livderirboii . 2-10% 

(Test 2la) .Solubility in eiirlsui disulidiido. ..OH 100% 

(Test 216) Noii-mini ral iniitter insoluble . . 0 

(Test 2lr) Minir;il matter . 0 

(Test 22) ('nrbelH.s ••• 0 1% 

(Test 2.1) .‘^tiliibility III hH® iiH|>lilIin. 80 00% 

(Teal 2-1) .Solubility in other wilveiits. • Holuble in iH'nio! 


and tiirpeiitioe 
and partly sob 
ubie in aleobot 
and aeetona 

(Tfst 2.1) WBl-r . O-Tr. 


(Ti.»l 2S) .Sulphur. Tt - S% 

(Tcb. 30) 0.y«cn . 0-3% 

(Teat 33) Paraffine . 0-15% 

(Teat 34) Saturated bydroear(w.rM . 30-90% 

(Teat .3.3) .Sulphonation reaidue. 90-)0t>% 

(Teat 37) Saponifiable conatituenU.. ■ ■ ■ ■ Tr - 5% 

(Teat 40) Glycerol... Abaent 

(Teat 41) Diaao r. aetion .. . . So 

(Teat 42) Anthrariuinonc reaction.. . So 


Table XXIV includes a few of the author's tests on typical noiidual oils. 

Residual oils are so soft and liquid that it ia impossible to ascertain their hard¬ 
ness by the needle iienctrometcr (Test 96) or their fusing point by the cutie method 
(Test 15c). The consistometer (Test 9c) and the viscosity test (Test 80 , 6 , e, d, s and 
/) are accordingly used for recording their liquidity, and and Kramer-Sarnow or the 
ball and ring methods for determining their fusing point. 

For a description of "road oils,” see pp. 363-880. 
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BLOWN PETHOLKl'M ASPHALTS 

Those arc nmnufiioturod flxwii ri’sidual oils (Icrivod from asphaltic, 
mixed-bast' or non-asphaltic ix'troloums, by blowing willi air at elevated 
tem|X'ratiires. 

It lias been recognizoil for many years that |X‘lroleum priHluets iM'comc 
changed in their physical pro|X'rlics by treating with oxidizing agenlit 
or air. One of the first to report this was Oesner in 180.5,' who 
remarked that 

“Organic suOstanccs an* uxidinsl l>y the atmo-phen*, and its action (innnoO'd 
h> a high k*in|H'ratiirc. Hot air lia-s then'torc Ih'cii forced through hydniearlKin 
oil iluring the prots's- of piintieation, and in some mstaina's with advantage.” 

In 1876 W. P. Jenney patentixl the proce.ss of treating sludge oil 
obtained in refining |X'troleum with stilpliiiric acid, with ti current of air 
at a temperature of 2.50'’ He olisi'rviHl that a resinous substance was 
pnxliiced by the absoifition of atmospheric o.xygen by the oil. 

I)e Smedt paten<(sl a proce.ss for oxidizing coal tar with ixilassium 
fiennangaiiate or |X‘riiinnganic ticiil at a teiii|H*iatttre of 301)° P.,' also 
the method of oxidizing |X‘lnileuni ivsiducs in a similar manner.'' 

The first to maniifacturt' blown asphalt on a commercial scale was 
K. X. Byerley, w ho obtained ii patent in 1801' for diawingiiirthroiigh |X'tro- 
leuni re.sidties (and s|H'Cifically those derived from Lima, Ohio erude oil), at 
teniix'ralure.s lx*lw<*en IIM) and 0IK)° I'. In this wtiy heobtainixl “ pilches ” 
of variable i)ro|X*rlies de|x*nding upon the teni|X'r;iture and the duration 
of the blowing proces.s. I’or the softer grades (fii.sing itniler 2IK)° F.), 
the Lima residuum was blown three days at UK)" F., during which 2 |xtr 
cent of distillate was produced. For the harder griules (fusing at alxiut 
■I()0° F.) the residuum was blown four to live days at .5(X)° during which 
Ixttwcen 5 and 0 per cent of distillate wtis recovereil. TIk; prtxiuct was 
claimed to lx; rc.si.st;int to changes m atmospheric temix'ratiiri', and to 
differ from tlie eorresixniding stcam-distilhxl asphalt by being I'eadily 
soluble in ixitroleum Ixtnzine or naphtha. Byerley marketed the product 
under the name of “ byerlite.” (Hw p. IK.) Air under a pressure of 
from 0 to 7 lb. per stjuare inch was |XLssed through a 0t)0l)-gal. still of the 
oil at the rate of 4.50 cu.ft. jx'r iiiimiU'. Ohio petroleum residue of 21 

i“ A Practioal Tn’atis'* <»n Coal. Peirol'Miiii ami Oth'r OjU,” 2*1 KiliUoii, p. 12H. 

*1'. S Pala 17K.(WI ami 17H.1.M. botli of Mu> .If). IH7U. 

*C S Pnf of Jni» 2.'>. IHXI to K J !)<• Srmtil 

• r S PatM 237.<W2 of F.-b. K. 1881. ami 2.W.HMI of Mar. 2tt. IHHl Ui K- i l>e Umedt: aUo 
Enit Put. of Fob 28. 18K!. No H4!) to J H JohmK»ii 

*l 8 Pit .'>24.r)0, Ahr 7. I«M. 



238 


ASPHALTS AND ALLIED SUBSTANCES 


to 27' Haulin'' and 'Fcxas potroleuin residue of 12 to 15° I?aum6 were first 
used for the purpose.' 

<i. F. and (i. (!. K. (hilmer obtainal patents for a similar process,- 
accordiiiR to which petroleum residues of alxmt 18“ Haumt'' mi.xed with re¬ 
fined 'rriuidad or other native asphalt, were heateil to 1!)3° ('. and blown 
for forty hours. From 3000 to (iO(K) eu.ft. of air [xir hour weie passi'd 
throuRh a still containing 3J tons of the residue. After a time the external 
source of heat was removed, .since it was found that the temperature of the 
mass increased of its own accord, du(! to the chi'inical changes induced 
by the introduction of air. The oxidation |)rogres.sed very rapidly at 
first, and then more slowly, as it apiiroaclnsl the end of the treatment, 
'fhe loss in weight varied lietwcim 5 and 20 percent. 'I'lie product was 
claimed to lx; less brittle in winter, and le.ss liable to soften under summer 
heat than asphalts derivixl from petroleum by straight di.stillation processes. 

.1. A. Dubbs patented a process ' for treating ix'troleum residues to obtiiin 
asphalt, which consists in heating them to a temperature of lot) to 230° ( '. 
and blowing first with air alone, and then with air mi.xed with steam in vary¬ 
ing proportions, depending upon the consistency (jf the product desireil. 

In the fiwegoing pnx^esse.s the apparatus is extremely simple, con¬ 
sisting essentially of a .still as is use<l for di.stilling petroleum (Fig. t0.'>), 
the air Ixiing introduced through a .sr^ries of pi|H's at the bottom, .so arranged 
as to dinx't it against the sides. 

Aecordiug to modern practice, either air alone or a mixture of air and 
steam are blown through the “to|)ped petroleum " (i.e., petroleum from 
which the gasoline, na|)hlha and illuminating oils have been removed by 
prior distillation), at 525 to 575° F. for ten to twenty hours, or until the 
residue attains the desired consistency. It- is found unnecessary to use 
any of the metallic oxidizing .agents descrils'd in the earlier patents. With 
Mid-continental residual oils, tlie loss varies Ix'tween It) and 21) [K'r 
cent and with California residual oils Ix'tween 25 and 35 jx'r cent,' 
deix!uding upon the fusing-point of the blown pnxluct. 

' fty<‘rIoy w. Tho Sun Co. rirciilt Court of Iho T S for flio I'^nxturn Pisf of potin^ylvfinift, 
Oflt. Spwiion, 1008, No 201. St'u aluo V. S Pat «34.SI8 of Oct 10. ISO ‘1 to J W Unjwartl 

* U S Pal*. 03.1.420 ami tw:..4:i0 both of (Vt 24, ISOO 

*U. .S Pat 1,0.')7.227 of .Mar 2.'5. lf)M 

* In tills env' tho (liHtiltntc ronHiotB of a rciidixh oil Hl>out 21° Bnumt^, whirh on rciiixtillation 


yielda: 

Naphtha (4.’i» . . 1 ^;. 

Kcrow‘110 (35° n#) ... 10*'^ 

Gas oil (28° W) .... 20 ‘ 1 . 

Light lubricating oil (23° Bit.) . . . 

Heavy lubricating oil (19* B4) 20^ 

Black rcB'duum. . 1,1 cj, 

Loaa. ... . r>% 

Tot«l. 100% 
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Comparatively little is known regarditif; the exact chemical reactions 
which take place on blowing. Analy.sis show.s that little oxygen actually 
combines with the asphalt.' It seems to be fairly well &stabli.sheil that the 
effect of blowing is to eliminate hydrogen, which unites with the oxygen 
of the air, fonning wat(‘r. The proce.ss is al.so manifested by a condi'iising 
action, whereby the hydrocaibons polymerize, forming Ixxlies of higher 
moiccidar weight and more complex structure. 

Blown asphalts vary in consistency from semi-litiuids to iinxlerately 
hard solids at room temperature. 'I'hey are marketed under various pro¬ 
prietary names such as liycTlite, Sarco, Ilydrolenc, 'I'exaco, I’arolile, 
Korite, Stanolite, S. (). Binders, ()bisi>o, Kbano, etc. 

The advantages of “ blowing ” over the steam di.stillation process are 
as follows' 

(I) The yield of asphaltic residue from the blowing process is mui'li 
greater than when steam distdlcd. In actual practice, with a bip|)ed 
.'isphaltic crude, the yield of blown a.sphalt \arics In'twis'ii 7.5 and !K) (ler 
cent. Of the balance, to 8 iht cent is recovered lus distillate, and .5 to 
2 per cent repre.-ents lo.ss, 

('2) Blown petroleum a.sphalts arc lc.ss su.sceptible to Umiperaturc 
changes than .steam distilled products, and in addition acijiiire a certain 
amount of elasticity and rcsihciicc, usually termed “ rnhlH-r-like pro|K‘r- 
tics.” ('oniparmg the respective asphalts of the same fusiiig-|)oint and 
derived from the same crude, we lind the blown product to lie tougher, 
less brittle, softer m consistency and having a lower “susceptibility fac¬ 
tor’’ (see p. .501) than the steam ilistillcd priHluct. 

(.'!) In many casi's n is pos,siblc by blowing to obtain a residue of lietter 
quality than if the stca ii di-td’alion proci'ss were used, and in fact the 
blowing process lenders many crude pclrolciims available winch could not 
otherwLse be used for iircparing lihjh fusiiig-|)oint asphalts Non-a.sphaltic 
petroleum will produce fairly gisid a.sphalts when blown, whereas the same 
crude will produce worthless rc.sidual asphidts by the steam distillation 
process. It is found that the more asphaltic the crude, the lietter the 
(piality of the blown product, and the shorter the duration of the blowing 
process. Petroleums of mixe<l-basc such as Mid-continental and certain 
of the Texas crudes, must be blown very much longer than pure asphaltic 
crudes, including the (’alifornia and Trinidad. 

(4) It is easier to control the “ grade ” of asphalt by blowing. , As 
previously noted, the progress of blowing is more rapid at the start of the 
process than towards its conclusion. In other words, the residual asphalt 

‘ ■■ petroleum Aualytical Melbod#," by S. P Satlder, Sth Intern Con(. of Applied CbeD.* 
tJ. T29-733. 1912. 
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is said to “ come to grade " very slowly. With .steam distillation, the alter¬ 
ation is much more marked at the end of the distillation process, so that 
the steam distilled asphalts “ come to grade ” very rapidly. In attempt¬ 
ing therefore, to produce a residual asphalt of a definite fusing-point or 



Kin. HO.—Kffcct Rlowinji on tho Fusing-Point and of Pc(rr)lpuni A*jphalt. 

lmr(lne.s.s, Hie Mowing proces.s is prefernlile, since it may lie coni rolled to 
lietter ndvantngi'. 

Fig. lit) shows the effect of prolonging the blowing procc.s.s (at 425° F.) 
on the fiiaing-tioint (hall and ring methoil, Test UVi), and penetration 
(needle pcnetroinetcr-test 06) of a topped mixed-base petroleum'. 

of Ulown Asphftlu intl their Manufneturo," H. B. Ptillar. Cood Road*. S. U6. 1912. 
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Fig. Ill illu-strates the consistency, tensile strength (iimltiplied by 
10) and ductility curves of a typical blown [X'lrolcum asphalt pnalucetl 
from mid-continental petroleum, having a fusing-ix)int of 127° F. (K. and 
S. method). 

The care with which blown asphalts are prepared largely influences 
their physical characteristic's. When made from improiw crudes or by 
careless tresitment, blown asphalts arc a|)t to have certain defects, viz.: 

(1) When made from non-asphaltic or mixi>d-base [X'lroleums, they are 
likely to pn'sent a “ greasy ” surface, and esix'cially on standing a few 
days, due to the |)artial separation of vaseline or iinrafline-like btxlies. 


3?* 77* ns* 



I'k, hi -Churl o( I’hyonil ('Icir.'ulcnslics iif IHowii I’etrolciim AsphitK. 

Phi' will 1 h' considered more fully in Chapter X.XVlll (p. 48.')). Hlown 
asphalts made from iixphiillic crudes do not behave in this manner. 

(2) blown asphalt.s, and esjiecially tho.se of high fusing-point, have the 
rlisadvantage of Is'ing “ short,” or in other words, they lac'k ductility. 
l(y carefully regulating the process, this dc'fect may Iw minimized, particu¬ 
larly if the asphalt is siibjc'cted to a iiHxleniU’ amount of blowing. It is 
a fact, however, that the longer the blowing Ls continued, the less ductile 
will Ix' the asphalt. 

(3) .Asphalts when over-blown, or blown at too high a temperature, 
show a separation of non-mineral matter insoluble in carlion disulphide, 
and a large percentage of carlxmes. The former may readily be detected 
under the microscoix! (se<> Test 26, p. 484), also in certain aggravated cases 
by the eve, by presenting a dull surface uix>n Is'ing disturixxl (see Test 2a 

p. 181 ). ■ 
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When the hlowii neplmlte first appeared on the market, they unfor¬ 
tunately did not enjoy a gmsi repute, but (lieir (piality has improved to 
Buch an extent tliat blown asphalts may now te procured of almost any 
fusing-point up to 400° F., which are not only more resistant to tempera¬ 
ture changes, but are at the same time as ductile as any unblown product 
of the same “ grade ” (i.e., fusing-point or hardness at 77° F.) 

In general, blown asphalts comply with the following characteristics: 


(ToHt I) Color in intuw ... ... Black 

(Tvat 2a) iloiiioKciicity to the eye At room temperature Uniform to gritty 

(Test 26) Homogeneity under the nncro/icopc . Uniform to lumpy 

^Tc«l 2) Apiiearance surfaco aged iiidoon oiiu wi'ek... . Bright to dull and gn-ney 

(Teat 4) Fracture.Stoft grades do not (•how a 

fracture, hanl gradi^a 
prt'sent a conchoidal 
fracture 


. Bright to dull 
Brui^riish black U> black 
0 90-1 07 . 

2'.30 
8-40 
Vnnnble 
\’nrial)l<‘ 
so too" F 
KKI 12:'.° F. 

I-12% 

. 1.00 ,v.o“ F. 
too ♦i.oo*’ F. 

20'’;, 
yr. KKI';, 

0 .0'';, 

0 l'<- 

0 10';. 

.'di '.Ml'; 

I.iirgi'ly '•oliible 111 turpen¬ 
tine iinil Ix-iirril, Atid 
(‘lighth .>iniiible ill ulro- 
hoi and iicelonc 


(Twt 26) Water. Abwnt 

(Test 28) Sulphur. Tr T .0% 

(Test Oxygen. . . 2 - 

(Test 33) Paraffine... 0- lO'’;, 

(Test 34) Saturated hydrocarbons . 10 

(Test 35) Sulphoimtion residue . 90 100% 

■ (Teal 37) Saponiliablu eonstitueiits.Ti - 2% 

(Test 40) Ciiyeerol . ... None 

(Test 41) Diaso reaction ... No 

(Teat 42) Aathrmiumooc reaction. No 


Fig. 112, plotted by the author from hundreds of determinations, 
shows the relation between the specific gravity and fusing-point of 
residual oils, blown asphalts and rc.sidual asphalts. 

Residual oils range in specific gravity from 0.85 to 1.07 at 77° F., 
and in fusing-point (K. and S. method) from 0 to 80° F.; blown asphalts 
range in specific gravity from 0.90 to 1,05, and in fusing point from 80 
to lOO" r.; residual asphalts range in specific gravity from 1.00 to 1.17 


(Test 6) Lustre. 

(Ti«t fi) Stwak on porcelain . 

(Tint 7) 8|)ceific gravity at 77® F 
(Test fle) Consistency at 77® F.. . . 

(Trtt 9d) Huswptibiliiy factor. 

(Test 10) I>uctility. . 

(Test 11) Teiunle strength. 

(Tost 16ti) Fiising-pomt (K. & H method)... . 
(Test 156) Fusing-point (Bull nnd liing iiictluMl) . 
(Test 16) Volatile matter, 500® F in 4 hours 

(Tost l7o) Flash-point. 

(Tost 18) Buming-ixiint. 

(Test 19) Fixeil carbon ... 

(Te«t 21a) Solubility in carbon diHiilphide 
(Test 216) Non-nutieral matter insulubie . 

(Test 21r) Mineral mutter. . . . 

(Test 22) CarfM’iH'H. 

(Test 23) Solubility in 88® naphtha 

(Tut 24) Solubility in other solvents. 
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and in fusing-point from 80 to 225° F. The rhart sliows tliat residual 
oils verge into the residual and blown asplialts respectively, and it also 
graphically illustrates the difference between the residual and blown 
asphalts. It will Ire observed that the effect of blowing is to increase the 
fusing-point and decrease the specific gravity of the product. 



112 -Uflalion the SjMTifH* (Irnvily :uh 1 of Uoniiiiml Oili, 

liiovMt IN‘tro|<‘iiin A>>|>li:iltj4 and i{(^''ldu.-d ANplialts. 

Another method for distinguishing bdween blown and residual asphalts, 
deviled by the author, consists in finding their hardness by nieaiiH of the 
consi.slometcr (Test Or) at a temperature (Xiiclly iiO” F. lomr than their 
liising-iMiint by the K. and S. method, blown asphalts show a hardness of 
les- than l.'i, whereas residual asphalts show a hardneas greater than 
l.'i under (lie.^e conditions. This is ilhi.straU'd by the following examples; 



(T«Kt l.'w) 

}lnrdiU'N.« (Test Oe) nt 

50"' K below the 
Fui»mg*|Miinl 

Hlouu nxfthiiUf 

i I ini.T 1-11 

01 5 '^ F 

11(1 at 41 5* F.-ll 2 

“ 2.V» 

\:*r> 

lid at 105 K -lO 1 

■■ " 

214 

lid at 104 0" F • 7 M 

" “ 2S.') 

271 5 

lid at 221 5* F. - 6 7 

Mul-continootal irrndt* lirt 

100 

Hd. at fiO 0* F -11 0 

■■ " l«n 

104 

lid at 114 0^ F. -10 3 

■■ 215 

215 

lid at 165 0* F. - 8 4 

Uruxihinl atphaUn 
('Hlilnrtiia grA<l<- R 

00 

Hd at 40.0* F.-21.5 

" DR 

108 

Ild at 58 0* F -22.2 

M 

121 

Hd at 74 0* F -22.2 

“ c . .. 

146 

Hd at 00 0* r. -23 6 

“ " CB .. 

108.5 

Hd at IIK 5* F.-23.6 

■■ “ B . 

200 

Hd at 150 0* F.-23 0 

Mi.'l'Conttoental (trade 140 

119 6 

Hd at 60.5* F -31.6 

■* “ 180 

158 

Hd at 108 0 * F.- 2 I .5 
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It is of interest to note in connection with the foregoing figures, that 
for any particular crude, the hardness at tlie “ fusing-point less .W" F.” 
decreases witii the extent of the blowing, but remains practically.constant 
in the case of the residual asphalts, regardless of the degree to which the 
distillation may have licen carried. 

Upon comparing a residual asphalt with a blown product of the same 
fusing-point, it will be found that the latter is considerably softer, as 
evidenced by its consistency or penetration, ('onversely, upon comparing 
a residual asphalt with a blown product of the same hardness or pene¬ 
tration, the fusing-ix)int of the latter will be found to be considerably 
higher. It is also interesting to note that blown asphalts arc more soluble 
in 88° naphtha (and in other petroleum distillates) than unblown residual 
asphalts of the same fusing-point. 

lllown asphalts, due to their greater softness, and correspondingly 
large proportion of “life-giving” constituents, are better weather-resistnnis 
than residual asphalts derived from the sane cnidc, having the same 
fusing-point aid showing the same proportion of volatile matter. They 
are alwut equal in weatlior-resistancc to residual asphalts of the .same 
hardness prepared from the same crude, and far superior to .sludge asphalts 
regardless of their hardness or fusing-point. It is a mooted quc.stion 
whether the native asphalts or the blown asphalts excel in weather- 
resisting properties, and to which in the author's opinion no categorical 
answer can Ik- given.' 

Table .X.XV includes the results obtained by the author uihhi examiiiiiig 
representative blown asphalts derived from different crudes and blown to 
different extents. 


SULPHUIIIZFD ASPHALl'S 

Under the action of heat, sulphur has the same condensing effect on 
asphalt as oxygen. The sulphur eliminates liydrogcn, in the form of 
gaseous hydrogen sulphide (H 2 S). This reaction may be roughly repre¬ 
sented as follows: 

C„H2n-FS=C„H2„-2-|-H2S. 

The process of treating asphalt with sulphur was first disclosed by 
A. 0. Day," and subsequently by J. A. Dubbs,'* who heated Pcnihsyl- 

Modern AiiphikU Pavomont,” loc nl.; “Value of Blown AsphniM urxJ Tlti-ir Mannfnr* 
turo,” by H. B. Pullsr, Good Hoadt, 9 , 1912; “AmonrHii Potri»l*Mirii Intiiiritrv," lor rit 

MO-031. 

*"Th© EITm* 1 of Hulphnr on the OiidaHon of IlyilnirnrlHHiM, miiIi Parln-iiliir nrlrn-iiM- to 
Aiphalt," B T. Bpookji and I. W Humphrey, J. Ind Kiiu Chtm , 9 . 7-}t), 1917 

sU. 8 Pat. .IS.Olft of Oct, 9. 188fi to A O Day 

«U. 8. Pata. 4eH.867 of Feb. 16, 1892; 480,234 and 480,23,'*. both of Au* 2. 1H92; nUo OOa..T72 
of Aug. 2, 1808 to J. A. PiibiM 
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vania, Lima and Ohio rcaiduums nitli 20 to 25 per cent of sulphur, at a 
temperature somewhat below die boiling-point of sulphur, until the evolu¬ 
tion of gas ceased. The resulting product is ver>' similar in its physical 
properties to oxidized asphalt, being only slightly susceptible to tempera¬ 
ture changes, but it is still further larking in ductility. 'I\venty years 
ago, asphalt treated in this manner was exploited under the name “ Pitts¬ 
burg Plux.'' This was before blown asphalts apix>ared on the market, 
which on account of their smaller cost of prisluction, soon displacerl the 
sulphurized pixiduct. Other proces.s('s for vulcanizing asphalts were 
de-scrilied by Peck.' Callender vulcanized a mixture of Trinidarl asphalt 
and fatty-iicid pitch,'' and Williatn Oriscom worked out a process along 
similar lines, producing a rubber-like substance by vulcanizing a mixture 
of fatty-ac-id pitch and asphalt.® Mixtures of grahamitc and vegetable 
oils,' coal tar pitch,'' sludge asphalt," and wool-fat pitcii ‘ have also 
been vulcanized with sulphur to increase their elasdeity and decrease their 
susceptibility to temix'iature changes. 

HlvSlDl AL ASPHALTS 

.\s stated previously, the.se are derived from the steam distillation 
of mixeil base or asphaltic ix'troleums. Non-asphaltic ix'troleums arc 
unsuitable for manufaeturing residual asphalt.s. The distillation is con¬ 
tinued until the re.sidual asphalt reaches the desired “grade.” The 
tem|S'iature of the residue in the still is carcfully observed, and under 
no eiieum'lanees allowed to excis'd "."ill to Sttt)" K., otherwise excessive 
deeom|K).sitiou tuid enu'king of the hydroearlsins will lake place, and 
result in the priKluetion of an inferior priHluct. This is e.s|X'eially liable 
to Ih' the ease if a residuid asphalt of hard consistency and high fusing- 
punt is to Ik' |)r(«luc(sl. Mexican ix'troleums are very susceptible to 
overheating, and great care must !«■ taken not to allow the residue in 
the still to exceed a tcm|x>rature of ti.V)'’ P. In the early days of the 
industry, the residual asphalts were carelessly manufactured, without 
suitable temix’iature control, and as a result they soon fell into disrc- 
pute. 

.\t the prcsi'iit lime, residual asphalts are Ireing nmrketcd of excellent 
quality, including products fusing as high as 225° F., with a hardness in the 

>0 S Pal. (ir’I.OM and r,24.(isj M.iy Z. ISOd l/i D W Pia-k, 

5 Kn« I'lit of Orf 11. IHKI. No lo W (> 

• r H Patii .m.7-27. r,i>t.72^* an.l r»W.7.{0. Nov 27. lfi|04 lo WjllUm Orlucom 

* r S Pat 210.40.* of l>«r .1. IS7H to A (i Dny 

‘ U S Pat* 403,.'>4« t»f Ma> 21. 1H80 to H K Olaeo aod ChM GftbriH, &9S,]47 Kth 1, 
I89S to Albert Hsnnemann. 

•U S Pat er>1.35S of June 12. 1000 to J A. Jiiai 

’Qer Pat 225,011 of Ma> 25, 1907 to A F. M&lcbow. 



296 


ASPHALTS AND ALLIKU SUHSTANCTS 


neighborhood of 100 on the consistometer scale (Test 9c), but this is due 
solely to the better methods of control. Other things being equal, it is 
not as easy to produce a residual asphalt as a blown product of a given 
high fusing-point. 

Lester Kirschbraun devised a process' for removing undesirable constitu¬ 
ents of a paraffine- or vaseline-like character from residual asphalts (12 
to 24“ Baumf') derived from a mixe<l-base petroleum, by introducing large 
quantities of low-pressure steam suirerheatcd to 600 to 700° F., through 
a charge of the asphalt heated in a still to 4.50 to 700“ F. It is claimed 
that these heavy paraffine- or vaseline-like hydrocarbons are non-cementi- 
tious, non-ductile, non-adhesive and greasy in character, and in addition, 
impart these undesirable characteristics to the asphaltic hydrocarbons 
when mixed with the latter. Kirsclibraun’s product is supposed to have 
an unusual degree of ductility, in many cases capable of lieing elongatt'd 
more than 100 times its cross-section at 77“ F., also a high degree of ad¬ 
hesiveness and cementitiousness not found in residual asphalts distilled 
with saturated steam, or in blown asphalts prepared in the usual luanner. 

Carelessly prepared residual asphalts may be detected by: 

(1) Lack of homogeneity (Test 2). This may be due either to over¬ 
heating or becau.so the distillation has been continued too far. 

(2) The surface of the material a.ssuniing a “ greasy ” ai>pearance 
on aging. This is due to the use of crudes containing too large a propor¬ 
tion of paraffine- or vn.seline-like hydrocarbons, which have not been 
rcmoverl during the distillation process. 

(3) The prc.sen<’o of too large a percentage of volatile matter (Test 
16) or too low a flash-point (Test 17), duo to the distillation not having 
been carried far enough, or at a temperature sufficiently high to remove 
the low-boiling point constituents. 

(4) A large percentage of non-mineral matter insoluble in carbon 
disulphide (“ free carbon ”) ('Test 21b). This is due either to overheating 
or to the distillation having Irecn carried too far. Carefully prepared 
residual asphalts should not contain more than 5 per cent. 

(5) The presence of carlrcnos (Test 22), which are produced by 
overheating. Carefully prepared residual asphalts sliould not contain 
more than 2 per cent. 

Residual asphalts made from mi.xcd-base petroleum are not as sus¬ 
ceptible to overheating as those derived from purely asphaltic petroleum. 
In both cases the percentage of asphalt recovered in the distillation process 
is greater than that contained in the original petroleum, due to the fact 
that the heavy lubricating oils are polymerized or condensed under the in- 


* U. S. pat. 1,104,750, Aug. 15, 1010. to Lester Kiraebbraun. 
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fluenoe of heat into siibstnnees resembling asphalt. In a purely asphaltic 
petroleum, the (piuntity of residual asphalt foniied during the distillation 
pro<'es.s is proportionately kxs than in the ease of mixed-lMtse ix'troleum, 
but the residual asphalt in the fonner east* will not show a greasy surface 
on aging, no matter how carelessly it may have been distilled. 

Hesidual a.sphalts in general comply with the following eharaeterislics; 


1) Color m ntAM 

2 ) 

(Tit*l .'!) Appoaranri* HurfiiPi* i 

(Totit 4 ) Fraciurv 
(Tfst '•) 

(Tent l)| Str<‘iik on luin 
(Tt'nt 7) jrruxjiy ui 77" K 

(T«*i*t H/t) i^■ll(■lrHhotI III 77“ l-‘ 

(T«t Or) Coii<i*‘li’firv Ilf 77“ F 
( I'fMt Or/) Simrcpfihilitv fuctor 
(Ti**t 10 ) Utit-nlily o» 77“ 

(T*-*! II) Tfiimlf dtri’iiKfli at 77“ F 
(Trtit FI) 0<|iir ot> hi'tiiiiiK 
(Fpst Ha) III liuMor on iimIikik 

(Ti'it l'.a) FiiMiDif-iviint (K A S nuilioili 
ri'-ft F‘>//) FiiH|iit'.|><,|ii( (J| A' U iiit'diotJ) 
lo) Vultiiilf matti-f 
(TfHt 17) Miish-p<atii 

I't) HiiriiiiiK-i'iaiit 
('I’l (if 10) f' IJI-.I r irFiiti 
('I'l-it -la) Soliililc in tarlioii 
(Trif -*16) Niiii-iiiiin ritl tJi.ttfi r iii’ii'inbli' 

( T- 1 | Jlr) Min. ra1 iiintt. r 

('/’••jit 2-) (’arlri'iii r» 

('I’l'if 21) Solulnlity III ss" iniphtliit 

(T'-if -*1) Siilnlnljly m otlnr hoImiiIh 


FlVst 2'i) Wnlif 

Cl'.-t 2*1) Cnrldifi 

(Ti-^l 27) ll\<lri)^i-ii 

(Ti-if -*'<> Siilplnir 

('IVdt 2')) N'ur'ufti 

(Ti'**t .’10) <ig>Kin 

<Tii*t •12) N'fi|ihihtil«*nf 

(Ti'i) .’M) I'nrnfTirn 

(IVhI .'ll) Snfiirat»-<| fi\drorarluaiH 

.'!'») SiilphonitlKiti r* “hI'i*' 
(T'-nf .'17) .''«iMnnliHli|r'< onititu'rilii 
(T. iit 11) Dinro roar ii'iii 

(T.sf 12) Anllirn.pimoti*' rfa'<i<ni 


Hlark 
\ nriHlito 
.4Tk \nfinl>l«- 

<'oii< hoKinl in the CMC ol bard 
r«‘aulual aapballc. 

\ nriabh* 
itiark 
I IK) I 17 
i:>o 0 

IIN) 

40 M) 

Vtinulil*' 

U .'i lU 0 
Oltv 

Fa-w rupully from tbc aolid to 
th<- Iiipu<l ptaU* 

HO 22.')'* F 
1(K) 2.’.0“ F 
\ (iniOiii' 

KM) CJK)" K 
I'M) 700" F. 

10';, 

S', HM)';, 

0 1.'.';, 

0 r; 

I) ;h)' ;. 

2.‘'. 

Ijiiili- rutItiUl)' in iH-ncol ami tiir' 
iH'iitiiif ninl antrci-lv iHtliilik' 
III alcohol iiimI accloitc 

N’oiii' 

H.'i- h7‘;, 

0' i:r; 

Tr - io'‘; 

•|> I 0% 

0 2J% 

S'oii* 

0 

2.'r 7.v;;, 
im 100% 

0 2% 

N*» 

No 


Ilesidnal asphalts are characterized by the following features: 

(1) Their comparatively high specific gravity, serving to distinguish 
them from blown asphalts. 

(2) Their greater hardness or consistency at 77° F. for a given fusing- 
point, which also distinguishes them from blown asphalts. 
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(3) The greater tensile strength at 77° F. for a given fusing-point, 
which similarly distinguishes them from blown asphalts. 

(4) The fusing-point, which is lower, and serves to distinguish them 
from the asphaltites. 

(5) The susceptibility factor, which is very much higher than blown 
asphalts. In the case of residual asphalts the susceptibility factor is 
greater than 40, whereas with blown asphalts it is less than 40. 

(6) The volatile matter, which for a given fusing-point is lower than 
that contained in the crude native asphalts. 

(7) The flash-point, which for a given fusing-point is higher than that 
of the crude native asphalts. 

(8) The fixed carbon, which for a given fusing-point is greater than 
that of blown asphalts. 

(9) The mineral matter, which runs well within 1 per cent and serves 
to distinguish residual asphalts from most of the native asphalts. 

(10) (,'arbenes, when present in percentages in excess of 5, serve to 
distinguish them from native asphalts. 

(11) Paraffine when present serves to distinguish residual asphalts 
from native asphalts, although this test is not infallible, for as pointed out 
previously, there are certain residual asphalts which do not contain paraffine 
(i. e., obtained from asphaltic petroleums). 

(12) The saturated hydrocarbons will exceed 25 per cent in the ca.se 
of residual and blown asphalts, whereas they will be less than 25 per 
cent in the case of native asphalts.' With asphaltites the saturated hydro¬ 
carbons amount to less than 10 per cent. 

(13) A greater percentage of sulphonation residue is derived from 
residual and blown asphalts than from the various pitches. 

(14) A negative diazo reaction, which distinguishes residual asphalts 
from pitches derived from wood, peat, lignite, coal, shale and bones. 

(15) The absence of the anthraquinone reaction, which distinguishes 
residual asphalts from the various pitches derived from coal. 

(16) Hy the percentage of free asphaltous acids (Test 38a) which 
runs l)clow 2i per cent in residual asphalts and above 2i per cent in the 
native asphalts. Similarly, the percentage of asphaltous-acid anhydrides 
(Test 38b) runs less than 1^ per cent in residual asphalts and greater than 
IJ per cent in native asphalts. 

There has been much discussion whether or not it is possible to distinguish 
between petroleum asphalts and native asphalts.’ Various methods have been 

I ’'Charaoterirtifi and Differentiation of Native BHulnena and their Reoidualr," by Clifford 
Richardson. Rtf«rd, IT. 466. 1013 

• •‘DirtineUon of Natural Asphalt Bitumen from Petroleum Pitch and Coal-tar Pitch,” by 
J«D 0 Kovici aod 8. 86b6t, CAcai. Ret. Fett-Hart-Jnd., T. 8, 1900; "Detection of Adulterasta 
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propcHed for the purpose, but the only ones whirh seem to give dependable result! 
urc the percentages of saturated hydrooarlwna (Test 34), free aaphaltous acids 
(Test 38o) and aaphaltous-acid anhydrides (Test 38h), referred to in items (IJ) 
and (10) above. 

At the present time it is impossible to distinguish between blown 
asphalts, and combinations of asphaltites with residtial oils or soft 
residual asphalts, since their respective properties are very much alike. 

Hesidual asphalts obtained from ('alifornia petroleum are eustomarily 
designated by letters to differentiate the different grades. The so-called 
“ A ” grade is extremely hard and brittle and grinds to a non-adherent 
powder Ix'tweeii flic teeth, ranging in ix'iietration iM'twec'ii 1 and .'i at 
77° F. (No. 2 needle, IIX) grams, .'i .seconds.) "H" graile is <|uile bard 
and brittle and gnials to an adherent |)o\vder In'tween (he (ec'th, ranging 
in iH’iietration lietween 3 and 1.') at 77° F. "('" grade chews with 
diflieulty and ranges in penetration between 10 and 2ft at 77° F. "I) " 
grade chews readily without sticking to the teeth, and ranges in |H'ne- 
tration from 2f> to 7f> at 77° F. “F," grade sticks to the teeth on 
cliewing and shows a |«-ne(ratioii greati’r than 7f> at 77° F. “F" and 
“ (J ” grades are in reality re-idual oils of high and low viscosities 
respectively. When carefully prepared, " H ” grade docs not eontain more 
than 2 per cent of non-mineral matter insoluble in carbon disulphide, 
and the softer grades correspondingly less.' 

Fig. 113 slimvs (be tianfacss, tensile strengtli (iniilliplled by 10) iiinf ifiicblity 
curves of a typical sample of "D " grade <'.' 111 ( 0011.1 residual nspball fusing nt. 
121’ F. {K and .S inetbodi 

Table .\.\\T includes tbe re-ults olitained by tbe aiiMior on representative s|H'eiinens 
of residiiiil aspbalts. 


in Nttlnrnl .ABelialinni." by D Mnl' iikovie. OrUsrr ('firm Zrtt. 123. IIMl.V. *’lllBlinrlinii Is-twesn 

Nalurnl and P. trelenm Asnlialo." l,y J .Marrnsein nii.l II Keliinnnn. Chrm /nt. It, IIIV,. IISIS. 
” |(li iiti{yiii(C AM'haltii." by J MiirTuanfm. lift Frll’lfart-Infi, II, 47, 1911, 

Aiphali*," by I) I.(ihiiia»ri. ('hrm lift Ffli-JIfin-linl, II. 1(»7. HMl. ’'(.'hfiiiniil 
and Mftbo.lK Distmifumhiiiic NafnrMl an<l Ariflxml Ar-phalfh." by J Marcugw.ti, ('htm Hrr. 
Fttt-Hart-lnd, II, 1<M>, 1912. “.’'« fiaralioii «»f .Vufural ni*'l IVtrob-ijm Anplialt*,” by J Marniiwofi, 
r*«fn Znt , M, 801, 1912. UirJiar«lw>ri‘n "Mod*Tii Aoiibalf Pavi-riifnl.” !(»<• nt . p 270. "Quaii* 
tilatjA'p Dc-tcrnimation of Natural Aapbalimn m iIm- Pfwnve of Artifinal Aaphaltum,” by J 
Marcuasoii, Z angev ('hem. II, 91, 19bi. ”Di'tdTimn of Natural Aaplmlt and Pf-trob-um Pitch,*’ 
by F f^chwars. Chrm Rn Frtt-Uari’Jnd, M. 28, 1913, •‘Anftlyioa of J’ctrob'um Oil and Mineral 
Wax." by H KaiitorowiTx. Chtm Znt, IT, l•'<94, 1438, and IA04. lOM; "DilTm-ntiatton 

of Natural and Arlifirial Adphalw." by J Marrunaon, M\U k. MiUertalprilf IS, 419, 1014, 
"Dfffcrcnllation of Natural and Oil Aepbalta." by K <’ Pailler, J Ind Eng C'hfm. I, 28fl. 1914, 
"Chcmiatry and Aoalyaifl of Aaphaltum." by J MamiwuMi, Ckem Zrtt., II. 813 and 822, 1014: 
''Chemical Compoaittoa of Natural Aaphaita." by J Marcuaaon, Z angev Chtm, It. 340 and 
349. 1010 

‘"The California Aaphaltum Industry," by F. II M»naf<l. Kug Mimng J , .W.3. IWW. "Pro- 
duriion and tV of Petroleum in California," Kullctin No 32, California 8ui« Mining Bureau, 
San Franeweo, Cal, Mar . 1904 
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TABI.E XXVI.—CHABACTERISTICS OF 


From MiXKi><BARe Petro 


Mid'CODtlQeota] (Texas). 



PAf/tical CAaracimsU'et 








2a 

Homogenfity to eye »t 77® F . 

Homo. 

Homo. 

Homo. 

Homo. 

Homo. 

Homo. 

Non*ho. 

2h 

' HorooiteDeity under microscope. 

Homo. 

Homo. 

Homo. 

Homo 

Homo. 

Gritty 

I.umpy 

3 

AppesrAoee surface aged 7 days 

Dull 

Dull 

Dull 

Dull 

Dull 

Dull 

Dull 

4 

Fracture. 


Co'.ch 

Conch 

('oiK'h 

Conch. 

Conch 

Conch. 

5 

Lustre,... 


Bright 

Bright 

Bright 

Bright 

Si. Dull 

SI. Dull 

6 

Streak. 

Bn Bk 

Black 

Black 

Black 

Black 

Black 

Black 

7 

Specific gravity at 77* F. 

1 032 

1 060 

1 078 

1 (K15 

1 119 

1 MS 

! I 146 

9c 

Consistency at 116* F. 

1 0 

6 1 

9 0 

11 0 

27 1 

40 2 

47 9 


Consistency at 77* F. 

7 2 

16 2 

23 6 

42 2 

.68 6 

70 1 

88 8 


Consistency at 32* F. 

4.) 2 

00 9 

81 4 

92 8 

107 0 

>1(«) 

>10.) 

9d 

Susceptibility factor. 

44 8 

51 7 

60 6 

49 6 

4.8 0 

>46 

>46 

106 

Ductility in cm. at 11.6* F. 

14 6 

37 

04 6 

22 

I 12 

U 

0 


Ductility in cm. at 77® F. 

65 

19 

10 

2 .6 

! U 

0 

0 


Ductility in cm. at 32* F.,. . 

i 0 

0 

0 

0 

! 0 

0 

0 

n 

' Tensile strength in kg. at 116* F 

' 0 06 

0 10 

0 36 

1.10 

2 00 

4 .60 

6 ,60 


: Tensile strength in kg. at 77* F 

1 0 

2 7 

4 2 

7 0 

0 0 

1 .6 

4 0 


! Tensile strength in kg. at 32* F 

(( 0 

16 0 

9 6 

.S .6 

7 0 

6 6 

6 0 


Hfot 7V«<* 








ISo 

Fusing'point, dog F . by K. and 









8. ntetbod. 

«7 6 

119 6 

142 

1.68 

107 

194 

205 

166 

Fufling'poitit, deg. P., by B. and 









R. method. 

115 

131 6 

159 

170 

184 

213 

227 

10 

Volatile, 600* F, in 4 hra, 









per cent . 

0 92 

0 7H 

0 .60 

0 78 

1 00 

0 89 

0 71 

l7o 

Ftaiih-(H)int, deg F . 

.'MW 

626 

632 

64.6 

.67.6 

.690 

.69.6 

10 

Fixed carbon, imt rent . . . 

8 1 

13 8 

18 r> 

22 7 

2.3 1 

27 2 

.33 3 


^Solubihty 7Vs<* 








2ta 

Soluble in carbon disulphide 

99 60 

90 26 

90 03 

98 (X) 

90 46 , 

91 07 

91 02 

216 

Non mineral-matter insoluble . 

0 22 

0 60 

0 70 

1 OH 

3 12 

.6 31 

S 20 

21c 

Mineral matter. 

0 22 

0 26 

0 27 

0 32 

0 43 

0 02 

0 78 

22 

Carbenes . 

0 8 

I 8 

3 0 

3 7 1 

6 0 

(■> 1 

12 3 

23 

Soluble in 88* naphtha. 

80 I 

82 6 

80 3 

77 0 

72.3 

04 7 

III 0 


CArtniWif 7\«f» 






1 


28 

Sulphur. ... . . 

1.2 

0 95 



1 3 


0 n 

33 

Paraffine. . . 

I 4 

1.3 

I 25 

1 0 

0.8 

0 7 

0 6 

34 

Saturated hydrocarbons.. . . 

42 0 


(10 7 




70 1 

36 

Sulphonation r«'sidue . 



95 0 






Residual asphalts obtained from the Texan mixed-base petroleum are 
characterised by the presence of paraffine, less than per cent of sulphur 
and between 40 and 70 per cent of saturated hydrocarbons; those obtained 
from California asphaltic petroleum are practically free from paraffine, 
contain less than li per cent of sulphur, and between 25 and 40 per cent 
of saturated hydrocarbons; those derived from Mexican mixed-base 
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TYPICAL RE8IDCAL A8PIIALTH 


KltOM Aft>'Htl.Tlf l^TROtKCM 



M<*iican. 



('nliformn 



Trinitlgd 

Hdino 

ilutiio 

Humu 

Homo 

i 

Homo 

Homo 

Homo 

1 

Homo 

Homo. 

Non-lio 

llomn 

Homo 

(ifitly 

Homo 

(iritty 

llutim 

Homo 

Homo 

Homo 

' Jlnmo 

(intty 

Lump) 

Homo 

Homo. 

Hrixlit 

Hnclit 

BriKhi 

Briicht 

Briglit 

Brittht 

Briihi 

i Blight 

Bright 

Bright 

Bright 

Bright 

Cotn'h 

Conrii 

Coin’ll 



(’olirh 

('omOi 

j <'oiirh 

Conoji 

Cnm-h 


Coiirli 

HriRiit 

Hrii(bt 

liriKlii 



Brifthl 

Bright 

Bright 

Bright 

Bright 


Bright 


Bl.'ick 

Biuck 

Bt) 

Bn Bk 

Bliiok 

Blink 

BUrk 

BUi’k 

BUrk 

Bhu'k 

BUrk 

1 01.) 

1 024 

1 (KtO 

1 Oiil 

I 04.1 

J (M)ft 

1 OOft 

1 113 

1 127 

1 l.ftK 

1 00ft 

t 120 

.i 1 

4 .ft 

li ft 

2 7 

■1 

0 S 

1.1 0 

2S H 

.IK 0 

4ft 

K N 

27 2 

17 2 

21 .ft 

22 ft 

7 0 

is 2 

21 

20 0 

ii;i 0 

Kl» 2 

OK 0 

24 0 

70 2 

tM) 4 

M 0 

7.1 0 

Ift H 

v. , 

04 «') 

7h .1 

> Hio 

>J(HJ 

>100 

.ftK 7 

>11X1 

47 

17 S 

I’l ft 

1.S 0 

17 2 

4«> n 

44 0 

> 42 

> 40 

> 4ft 

43 3 

> 4.1 

4S 

12 ft 

1 i ft 

tl 

Hi 

-.7 

12 

s 0 

0 

0 

70 

3 A 

H 

.1 ft 

:i 

7ft 

OS ft 

0 

1 

0 

0 

0 

22 

0 

0 

0 

0 

0 

(1 

0 

0 

0 

n 

0 

0 

0 

0 

0 H 

0 7ft 

0 1ft 

0 2ft 

0 00 

1 lift 

.1 112, 

.1 40 

4 2ft 

0 4 

4 Nft 

2 S 

4 0 

ft 0 

0 .ftft 

1 

;i 

11 2 

ft <1 

4 (1 

4 2 

2 H 

A A 

S 

11 0 

10 ft 

4 .) 

S ft 

10 0 

12 0 

n 0 

ft 2 

.1 

N 7 

10 3 

121 

1 n 

14.1 

041 

los 

124 

1 

MO 

lOK ft 

lOM 

UN 

lift 

lh7 

141 r, 

IftI 

102 

10ft 

12.1 

i 

142 , 

Kl-'l 

ISH 

220 

210 ft 

132 

210 

0 7»’ 

0 ft(» 

n 47 

ft 20 

.1 40 

;i OS 

2 14 

.'1 *1" 

.1 72 

2 12 

3 OK 

11.' 

.^20 1 

ftftft 

.-.<7 

l.ftO 

402 

.'.00 

-.2.', 

ft 1ft 

.ft4ft 

.'fi;4 

,ft2H 

ftOl 

2.K ft j 

.10 r> 

.12 1 

12 0 

20 1 ! 

21 K 

.10 2 

.11 0 

:i7 0 

.10 7 

20 1 

3H 4 

07 .W , 

ftS 22 

07 Oft 

‘ly so 

1 

00 2ft . 

1 

OH 0.1 

OS t,7 

OS Oi 

OS 12 

NO 20 

00 3ft 

ON x30 

2 IS i 

1 .11 

1 KO 

0 Oft 1 

0 .ftO 

J 07 

0 00 

1 lo 

I 00 

lit 4K 

0 4H 

1 2(4 

0 

0 4 ft 

0 2ft 

0 Ift ^ 

0 2*1 

0 10 

0 41 

0 20 

0 2K 

0 :12 

0 17 

0 33 

0 fi 

1 S2 

2 2 

0 ft 1 

1 0 

1 ft 1 

2 ft 

. 2 

ft 0 

2N 2 

0 .3 

0 H 

70 M 

tW 0 

02 0 

H2 ft . 

77 0 1 

71 2 . 

04 1 

2,2 .'1 

4 ft 2 

rift 7 

7H 0 

6(1 0 

fi 4 1 

4 2 

.ft H 

0 0 , 


I 2 1 

1 4 


0 H 


2 N 

2 2 

2 n ' 

1 7 

1 4 

0 2 i 

0 1 

Tr , 

Tt 

0.0 

0 0 

0 0 

0 0 

0 0 

;w ft I 

42 ft 

:io 3 

22 2 1 

1 


30 6 


;ift K 

37 0 

24 0 

2N 3 

07 .ft 



02 ft 1 

; 

i 


■ 

OH 0 



IMl 4 


petroleum eonfnin paraffine, between 4 and 8 per cent of aulphur and 
Ijctween 30 and 50 per eent of saturated hydrocarbons. In distiilinK 
Mexican petroleum, it is necessary to use a large supply of steam to drive 
off as much sulphur as possible, and increase the ductility of the residual 
asphalt, as the sulphur adheres unusually tenaciously to the hydro¬ 
carbons, including even the distillates. Residual asphalts obtained from 
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Trinidad asphaltic petroleums are practically free from paraffine, con¬ 
tain more than per cent of sulphur, and 25 to 35 per cent of saturated 
hydrocarbons. a 

The weather-resisting property of residual asphalts varies, depending 
upon the following circumstances: 

(1) The crude petroleum from which they were derived. Other things 
being equal, asphaltic petroleum produces the most weather-resisting 
residues, mixed-base petroleum comes next, and non-asphaltic petroleum 
produces residuals having the least weather resistance. 


100 
90 

so 

70 
K 
50 
« 

90 
to 
10 
0 

Temperoture, Degrees Fahrenheit 

Fio. 113.—Chart of Physical Characteristics ot D-Grade California Asphalt. 
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(2) The care with which the distillation has been performed. If the 
residue is badly decomposed or " cracked ” as evidenced by the presence 
of free carbon or carbenes, its weather-resisting properties will suffer in 
proportion. 

(3) The extent to which the distillation has been carried. Soft grades 
of residual asphalt carrying a large percentage of oily constituents (Test 
38«), will stand the weather better than those from which the oily con¬ 
stituents have been removed by driving the distillation to a point where 
a hard and brittle residual asphalt remains. 

In general, residual asphalts of the highest quality sk inferior in 
weather-resisting properties to native asphalts, blown asphalts, wurtsilite 
asphalts and fatty-acid pitches, upon comparing respective products of 
the suue fusing-point and volatility. They are superior, however, to 
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corresponding sludge asphalts and pitches derived from rosin, wood, 
peat, lignite, coal and bones. 


SLUDGE ASPHALTS 


Sludge asphalts are produced in much smaller quantities than 
residual or blown asphalts. They are derived from the purification 
of various petroleum distillates by means of sulphuric acid (p. 278). 
The crude naphtha, kerosene and lubricating oils are treated in this 
manner in the form of apparatus known as an “ agitator,” illustrated 
diagrainmatically in Fig. 114, consisting of a cylindrical vessel A with a 
conical bottom and dome-shnired top li, 
holding up to 2400 barrels of the di.stil- 

late to Ih! treated. The agitator is lined / » \ 

with leiul containing alsait (i |x?r cent of I -—- 

antimony. The di.stillatc is intnalm'ed \ 

through the piix; I), the acid or caustic \ [c 

soda through the pi|x: II, and the air for \ 

agita'ing the mixture thnaigh the line E. V 

Pi|K’f is attached to a swivel so that it I 

may lie raised or lowered by a chain ./, 

and serves to draw off the purified oil. I n. 

The sludge is removed through the valve “ ^ I ^ 

F, and 0 repre-si'nts the acid tank. j 

Naphtha is purified with 2 to 4 lb. of 
commercial sulphuric acid (00° BaumO) I'm. lit.— Appariitun fur the Acid- 
, 1 t 1 / 1 , „ c • riirilii iilKHi of Pelrolciim 1)»- 

per barrel of 50 gal. (alsiut 0.5 per cent tillutcs 

by volume), and agitated for half an 

hour. The acid after Ixfing allowed to .settle is drawn off and constituU>s 
the “sludge.” The distillate is next washed with water, introdumi 
through the pipe F, then made alkaline with caustic soda solution (4 to 
10° Baume) and finally wa.shed with water until it is neutral. 

Crude kerosene is treated in a similar maner. It is first agitated 
with 5 to 10 lb. of sulphuric acid (00° BaumO) per barrel of .50 gal. (equiva¬ 
lent to about 1.5 per cent by volume) for one-half hour. The acid settles 
in three to five hours, when the “ sludge ” is drawn off. The kerosene is 
next washed with water, then with a 4 to 10° Baum4 solution of caustic 


soda and finally with water until it is neutral. 

Crude lubricating oil is similarly agitated with 20 to 50 lb. of sulphuric 
twid (66° Baum4) per barrel of 50 (equivalent to about 3 per cent 
by volume) for one to two hours, and allowed to settle from four to six 
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hours. The greater the percentage of acid used, the lighter will be the 
color of the refined lubricating oil. The stock is then washed with water, 
transferred to a “ lye agitator,” treated with caustic soda (1 to 6° Baum6) 
until it becomes alkaline, and finally washed with hot water until neutral. 

The so-called “ sludge asphalt ” is present in the sulphuric acid sludge, 
which on cooling forms a black viscous mass. No asphalts are obtained 
from the caustic soda washings in the case of petroleum refining. The 
alkali is merely used to neutralize the sulphuric acid retained mechanically 
by the oil, thus differing from its action in the refining of peat and lignite 
tars. (See p. 214.) 

The acid sludges obtained from the purification of naphtha, kerosene 
and lubricating oil are combined and treated according to the process of 
John L. Gray.* The sludge is digested with water, air and steam in a le,ad- 
lined receptacle, whereupon the lighter oily constituents rise to the surface, 
a heavy residuum settles to the Imttom, and the acid passes into the 
aqueous layer. The lighter oils arc withdrawn and the boiling continued 
until all the acid separates. The residuum is then washed with water, 
and heated by a spray of superheated steam until it is converted into 
sludge asphalt. The further the distillation is continued, the greater the 
fusing-point and hardness of the sludge asphalt. The recovered oil is 
known as the "acid oil distillate.” The dilute sulphuric acid (specific 
gravity of 30 to 50° Baumi*) is concentrated, first in leaden pans, and 
finally in an iron still until it attains a gravity of 66° Bauni5, when it is used 
over again. 

Sludge asphalt tests as follows; 


(Test 1) Color >ti mass .. • Black 

(Test 2o) Homojtcnoity to th« eyo at room temperattire . Uniforni 
(Teat 2b) Homouoiicity under microscope Vortablo 

(Teat 3) Appearanett surface aged indoors one week .. Briglit 

(Teat 4) Fracture. Conehoidal 

(Teat 6) Lustre. Rr‘Rht 

(Teat 6) Streak on porcelain . Black 

(Test 7) Speeifie gravity at 77* P. 1 or>-1 20 

(Teat 96) Penetration at 77“ F.f) 

(Teat 9c) Consistency at 77“ F. 5* 190 

(Teat Orf) Suaoeptibility factor. 40-60 

(Teat 10) Ductility at 77* F. 0 

(Teat 13) Odvr on heating. Oily; similar to reaid* 

ual asphalt 

(T4at 14o) Behavior on melting... rapidly from 

the solid to the liq* 
uid Btate 

(Teat 18«) PuaJng-point (K. A 8. method). 80-226* F. 

(Teat 166) Puaing-point (B. A R. method) . 100-250* F. 

(Teat Ido) Volatile matter 600* F. in 4 hours. 2- 20% 


> U. 8. PaU. 028.427. 923.428. and 923,429, dated Jun. 1, 1909 to J. L. Gray; alao 664,975 of 
A'm- ^ Richard Dean, 
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(Tmc I7d) FlaHh-puint 

(T«ii ll»> r»iH PuriKin 

CTmt 2 I 0 ) Solubility in <'arl>on tlinuliihKlf* 

(T««t 216) Non*min<‘ral tnatti-r iittu>lubl<> 

(Trtit 21<) Minrrnl matter' 

(T<'»1 22) Carl>on(*« 

(Test 22) Solubility in iiaplitlia 

(T^t 28) Sulphur 

(TmI 30) <)xyg«*n 

(Tent 3.H) Paruffino 

(Tint 34) Saliiratisl hydropnrlxuoi 

(Tint 35) Siilphoniitioii rmuiui' 

(T‘'«t 37) SaiKUiifiabb* roiuHitui'itln 
(T»”'l 38«i) Fn*«‘ a^pliiiliou’i afiiU 
(Ti‘«t 386) A«phalioii)i>Ari.| niihyilriiii** 
(Ti'mI 41) J)inio ri‘A<'(ion 
(Tint 42) Aiiilirii<iui.‘iuii<-f'-i> hoii 


300 500* P. 

4- 30% 

95 100% 

0 - 5 % 

0 1% 

0 - 15 % 

00 05% 

5 10 % 

3- 7% 

0 i% 

}4‘iw I ban 10% 
HO o.')*';, 

0 - 2 % 

),«••» than 2% 
lAna than 2|% 


SludKP asplinlts aro cliarartprizial by the folhiwiiiK features; 

(1) Their intense black streak. 

(2) Their liiKh susceptibility factor wliich distin(?uislteg them from 
blown asphalts. 

(3) The high [x'rccntage of sulphur. 

(4) 'I'he high pr'rcentage of oxygen, which <listingui.shes tliem from all 
other forms of asphalt and constitnUxs oik' of the most de|)endable testa 
for identifying .sludge asphalts. 

(.5) The very small iXMcentage of paraffine which distinguishes them 
from residual asphalts obtained from mixrsl-base pr'troleum. 

(ti) 'I’he extremely small [M'rcentage of saturalrsl hydnx'arljons which 
serves to differentiate sludge asphalts from all other asphaltic pnalucts. 

(7) The comparatively large ix-rcentage of .sulphonation residue which 
distingui.shes them from pitches. 

(H) The negative diazo aial anthra(|uinone reiwtions which distinguish 
them from pitches derived from w<xxl, |X‘at, lignite, coal, shales and lx)nes. 

C.l; The large solubility of the harder gnules in 88° naphtha, which 
distinguishes them from residual asphalts of the same hardness and fusing* 
point. 

Attempts have lKx>n made to blow sludge asphalts, but without suc¬ 
cess, as the blowing process merely .serves to harden them, without appre¬ 
ciably lowering their su.«ceptibility factor. 

Typical samples of sludge asphalt examined by the author gave the 
rccsults includixl in Table XXVII, p. 3()(!. 

Sludge asphalts do not withstand the action of the weather as well as 
native asphalts, blown asphalts, residual asphalts, wurtzilite asphalt or 

' Sludfte siphtllt nil carry tracoa of t(>a<l. derived (rum the lea/lcn veaMeln in which they are produced, 
whit h le carried into aolution by the aulphuric acid. Tb* preeence of lead will verve to identify liudge 
aephalte, and differentiate them from all other aiphaltie eubaUnree The autbor'e iovmtigatior.f 
repealed lead varying in amount* from 0.05 to 0,25 per cent 
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fatty-acid pitch, comparirif! respective products of tlie same fusing-point 
and volatility, or of the same hardness and volatility. They are substan¬ 
tially equal in weather-resistance to the corresponding grades of pitch 
derived from coal and bones, and are superior to those derived from 
rosin, wood, peat and lignite. In practice, they are usually Itu.xed with 
other fonns of petroleum asphalt, rather than marketed in tiicir pure 
state. 


tabu; XXVII -(TIAHACTKHI.STICS OF TVI’ICAI. SU DUi; ASI'IIAI.TS 


No I 

TpmI 

Fm 

u VnrioiH Soiire 

s. Mostly Mixtures 


I'hyntcal ('hanictfriKlu'H 







2a 

llotiiOKOiioiry to t-yo nt 77® F 

llonio 

iioiiio 

Homo 

Homo 

Homo 

Homo 

2b 

lioriu>K<'ii<‘ity iiiulor inicroflooiH* 

lloilio 

Homo 

Homo 

Hiiiiio 

Homo 

Homo 

3 

A|>|«*nrarin* Kiirfaco imc’iI 7 «liiys 

Hrighi 

Hrigbi 

hngbt 

Hngbt 

Hngbt 

Bright 

•4 

Krac'turt* 



('<>111 h 

Coneb 

Conch 

('otich. 

f, 

LuBtro 



Hnghl 

Hrighi 

Bright 

Bright 

a 

Streak. 

IllHlk 

Hlurk 

Black 

Black 

Black 

Black 

7 

HfMJcific gravity at 77® F 

1 or,7 

1 0.'i2 

1 (MIK 

1 (too 

1 070 

I 156 

Oc 

('onwHU-noy at 112® F 

0 () 

U 0 

0 0 

0 0 

42 1 

:>() 7 


Conamteiioy at 77® F 

2 4 

7 1 

17 r. 

10 0 

K7 9 

yr> 2 


Ct>n«ii»t»*n<‘y at 22® F 

42 2 

.')H X 

71 8 

8.') 4 

> HM) 

> 100 


Siwpt'ptilnlity fartor 

4» 7 

.*>0 5 

III 8 

•'ll 1 

> r>o 

> 50 

lUb 

Duptility ill <•!»« at ll^® F 

7 

l.l 

4:. 

2 

(1 

0 


Ductility ill Plus at 77® F 

28 

82 

18 

0 T.'i 

0 

0 


Ductility in cnis at 22® F 

1 

0 

0 

0 , 

0 

0 

n 

TciibiIc Btrcngtli in kg nt ll.l® F 

0 1) 

0 1 

0 2:. 

1 2 

2 0 

2 5 


Tonailc Htrcngtii in kg at 77® F 

0 1 

1 1 

2 8.'i 

t 

7 

8 2 


Tenailc strcnglli in kg nt 22® F 

10 

4 .'i 

2 0 

8 0 

0 0 

5 5 


Ilmf Trull 







l.'w 

Fuaing-point, <lcg F l>v K A’S iiii'IIkkI 

80 

‘«0 

no 

loo 

202 

210 

l.Vt 

Funing'iHiint, di'g F by H H iii<-ib<i<l 

101 

112 

121 

178 

22r. 

220 

1(( 

Volnlilc, riOO® F III 4 brs , p«T i-rnt 

2 0 


7 ‘t 

2 

4 8 

5 0 

\7a 

Flanh-poiiit, deg F 

tr:. 


l.iO 

ISO 

482 

480 

19 

Fill'd cnrbon. per cent 

8 8 

liii 

10 1 

22 0 

20 2 

25 4 


Soluhtltly I'tnl.i 







21a 

Holiiblo 111 carbon (Innilpbnle 

OK !>S 

00 72 

O'l ’ll 

o<t j;t 

00 r>o 

07 50 

216 

Non-mincral mutter iiisolnble 

0 00 

0 20 

0 2 .8 

0 72 

0 40 

2 42 

2l<- 

Mineral matter 

0 12 

0 OK 

0 11 

0 0:. 

0 10 

0 07 

22 

('arbciK'n 

0 0 

0 2 

2 2 

1 0 

1 2 

12 2 

2:1 

Soluble III HS® naphtha 

tt2 2 

04 0 

"8 7 

71 0 

(>0 8 

02 2 


(’brmicii/ Tmtx 








Sulphur 

8 7 

7 K 

4 

7 

0 2 

8 2 

22 

Paraffine 

0 T) 

0 4 

0 2 

0 2.*> 

0 1 

0 1 

24 

Saturated hydrocarbonn 

0 0 

8 0 

7 2 

T) 0 

4 S 

2 0 

22 

Sulphoiiation n'ludiie 

82 1 

88 0 




02 2 




CIIAITKR XX 

PARAFFINE WAX AND WAX TAILINGS 
PAIiAKITXK WAX 

Thk oomiiiprciiil soiircos of pyroKi’iioiis piimflino wax aro: 

(1) I’oiit tar; 

(2) I.iKtiitc tar; 

(:{) Shale tar; 

(1) I’aratliiiP-lH'arinK fa'trolcuins. 

'I'hc peat distilhiiK ituhistrv is coiniiaratively miitnportant and does 
not form a factor in the prrHim tioii of paraflino. The linn to industry 
has only altainod (•o?mncrcial iniisirlanci' in (iorinany, and the shalp 
industry in Scotland. The treatment of paralline-lK'arinK [HUroleums 
for the recovery of paraffine is im|iortant the \v<a'ld an)un<l. 'I hi' methisis 
for recoverinc paralfine wax from linnile tar, .shale tar and |M‘(roleutn are 
snhslatiiially the same. In the c:i.se of lif;nile tar. the paralliia' wax is 
obtained from the di.sldlate fracthiiK'd after the crude oil, known as the 
“ paraffinaeeous ma.ss " (p. 211). Witli shale tar the paralfine wax is 
ohtained from the distillate known as “ heavy oil," di.stdIitiK after (he 
“ intermediate or (las-oil ” (p. 222). With paraffine-lsairin)!: |K‘troleums, 
the paralfine wax is olit.aiiiQd from the fraction known as tlie “ |)araHine 
di.stillate.” 

In all thri'e cases the. followiiiR stejis are (lenerally pursued: 

Ttie ilistillate eontainiii)!: the paraffine is first ehilhxi to 20 to 2.')° K. 
fiy foreiiiK it through a series of jaeketrsi (i in. pijx's. Urine eisiled to f.'J 
to 20° F. is circulated throuRh the jiwket, and the distillate containiriR tlie 
paraffine is forced throuKh tlie inner pijx' by a slowly revolving spiral con¬ 
veyor, which continually keeps the di.stillate movitiR as it solidifies, thus 
tending to granulate it and thus make it easier to filter. 

The ctKiled and solidified distillate having the con.sistency of heavy 
mush is transf(‘rre<l to high-pre.s.surc filter presses provided with canvas- 
covered plates, and while still c(X)l filtered at a presiiurc of 300 to 350 lb., 
causing the pressed oil to separate from the “ slack wax.” 

The slack wax still contains lietween .30 and .'iO per cent of oily matters 
which are separated by a process known as " sweating.” A “ sweater ” 
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(Fig. 115) carries 8 to 10 superimposed shallow pans (18 by 20 by 1 ft.), 

each provided with a wire gauze 
diaphragm A stretched across longitu¬ 
dinally 6 in. below the top, also: 

(1) An inlet for introducing the 
melted slack wax. 

(2) An inlet pipe for water. 

(3) An outlet pipe (' connected 
with the bottom of each pan at its 
centre. 

(4) A water-circulating coil B 
directly above the diaphragm through 
which cold water is first circulated to 
chill the wax, followed by warm water 
to induce the “ sweating.” 

(5) A steam coil directly below the 
diaphragiti to melt down the wax after the sweating process is completed. 

The operations arc performed in the following rotation: 

(1) The pans are first filled with cold water to | in. above the level 
of the screens. 

(2) The melted “ slack wax ” is pumped into the pans to a depth of 
4 in. and allowed to float on the water. 

(3) Cold water is then caused to flow through the water-circulating 
system, which causes the slack wax to set into a solid mass. 

(4) The wat('r is then drawn off, whereupon the cake of .solid wax 
settles upon the wire diaphragm. 

(5) Wann water is then caused to flow through the water-circulating 
coils at a temperature just below the melting-point of the wax, which 
causes the oily matters to liquefy and “sweat out ” from the crystals of 
paraffine, with the result that the purified paraffine now known as “ crude 
wax ” renrains on the wire gauze. The oily matter carrying a small pro¬ 
portion of wax in .solution, known as “ f(K)ts oil ” is drawn from the pans. 
The purified paraffine wax is melted by turning steam into the melting- 
down coils and drawn from the pans into a si'parate container. It takes 
about twenty-four hours to properly sweat a batch of slack wax. 

The foots oil is put through the chilling process a second time to 
recover any dissolved wax, which when separated is known as “ crude 
scale wax ’’ (see chart page 278). 

The crude wax and the crude scale wax are decolorized by filtering 
through fuller’s earth in vertical cylindrical tanks heated to 180° F. The 
melted wax is allowed to run through the filters by gravity from an over* 
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head storage tank where it is maintained in a melted condition. The 
niters are from 15 to 20 tons’ capacity, the fuller’s earth being supported 
on a finely perforated false bottom. Otie ton of the earth will de<‘olori*e 
5 to 6 tons of the wa.x. 

When the fuller’s earth loses its efficiency, which is evidenced by the 
filtrate no longer remaining clear in color, the flow of wax is sliut oflf, the 
filter IxhI thoroughly drained and washed with naphtha to remove any 
wax retained mechanically. Any naphtha remaining in the filtering 
medium is recovered by introducing steam and i)assing the vapors through 
a conden.ser. The wax removed by the naphtha is recovered by distilla¬ 
tion, and a<l<Ied to the unfiltered material. 

The fuller’s earth may lie rejuvenatt'd by heating in a suitable kiln, 
after which it can Is? uscsl over again without loss in efficiency. 

The filtered products obtained from the cr\i<le wax and crude scale 
wax arc known as “ ix'fined parafline wax ” and “ refined scale wax ” 
respectively. These are pumpiHl into moulds and allowed to solidify. 
The wax must l)c chillisl very <iuickly to form the opocjue while mass 
demanded by the trade, otherwise it will appear translucent, which is 
unde.si cable.' 

Parafline wax, including Imth the “ refined paraffine wax " and the 
" refined scale wax ” tests as follows: 


(T. iit 1) Color If) iiiitMi Pur** white to yHlowitb 

‘Jn) llomoici'iH'iiy to the ryo at room ipinppratur*' I'liiform to aluthlly pry#* 

tallino 

(Toat '» llomp(tpri<-ity ahrn ntPlUsl . Uniform and tranflp«>TDt 

(T*-ai 4) Frupiiiro . Conrlioidal to hackly 

(Tc't .’>) Luaip- . Dull and ’‘waiy'* 

(Teal 0) 8lr*‘Hk .White 

(Teat 7) Spi'cific icrii^ity at 77* F . 0 8.1- 0 95 

(Ti‘«t 9c) ConawP'nrv ill 77® F . . 1.1 80 

(Teat tW) H«iac«'plibility fai'lor ... . >100 

(Teat 10) Dticiiiily at 77® F . 0 

(Tvflt Ma) Hchavior on melting. Paaacfl aimoat inatant** 

lii'uualy from the aolid 
to (he liquid aiate 

(Teat 1 •'hi) Fuaing-point* (K A 8 method)... 100 IfiO® F. 

(Teat l.Vt) Fiiaing*point (B A R. methotl). 105-ltlO* F. 

(Teat 10) Volatile matU'r . ('omparativdy (r«»t 


**'Mineral Waiea,” Rudolf Cregorioua, lymdno. 1908; “Shale Oil* and Tara,” by Dr. W. 
Scheitbauer, London. 1913: “InduMrial Cbcnnatry.'' by Allan Hofera, 2d edition, p. 512, Ntw 
York, 1915; "The American Petroleum Induatry.” by Bacon and Hamw. Vol. 2, pp. 450 and 
753, New York. 1916. 

tTbe (ufling'point of paraffine wai ii fencraily determined by the ao-cdled “Eoglwh method," 
which conaieta id cooling the melted wax, with a thermometer immeiwd in the maM. The drop 
ID temperature and time intervab are carefully noted. When the temperature remain# oonvtaot 
(or an appreciable interval, the wax i# aaid to have reached It# fuiiog or '* ineltint>poiot. “ Accord* 
ing to the "American method." the meliing-poiat i« reached when eryttal# ot paraffiiM Oret 
appear on the surface of the codling wax. but i# often arbitrarily calculated by adding 3* F. to 
the mHtiof-poiot aaeeitaioed by the Engliah method. 
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17a) yjanh'powt . Comparatively low 

(Teat IS) Burning-point . Comparatively low 

(Teat Iff) Fixed rnrbon . 0~ 2% 

(Teat 2Ja) Solubility in carbon diaufpbide . 99-100% 

(Teat 2lb) Non-mitwral matter inaoluble ... Twee 

(Te*t 2le) Miri<‘ral iimtUT . . Trace 

(Teat 22) Carbenea. .. . 0% 

(Teat 23) Sohibility in R8® naphtha 99-100% 

(Teat 24) Solubility in other aolventa (weight aolveiit re¬ 
quired t(» diiwolve 1 gram of paraffine at 
ro<m» tenip<'raturc); 



Carbon tliHulphitle 

7 fi 


Petroleum ether 

8 r, 


Turpentine 

ifi I 


Chloroform. 

41 3 


Retisol 

.'>0.3 


Kther 

.')0 K 


Acetone. 

;i7« 7 


Absolute ethyl uleohol 

4.')3 fi 


AnivI uleohol 

49.') 3 


Methyl uleohol 

1417 3 


Olueial aeetie uei<) 

nwis (i 

(Teat 2fi) 

Carbon 

84' 8h<;j 

(Teat 27) 

Hydrogen 

13 

(Tost 28) 

Hulphiir 

Truce 

(Teat 29) 

Nitrogen. 

Absent 

(Test 30) 

Oxygen 

Truce 

(Teal 33) 

Paraffine 

9.'. hmk; 

(Teat 34) 

HuluraliHl hydroeurbons 

90 O'O’; 

(Teat Sro 

8iii|>honahon reNulue 

9.'. 100'; 

(Test 37) 

Hu|N>»ifinble eonHlitin-iiN 

O'. 

(Test 41) 

Diiiro reiietion 

\o 

(Test 42) 

Ai)thrH<|iiinone n ui'hoti 

No 


ParalTinc wax is roiiiarkably n'sistaiit to the action of cliciniculs, lait 
on cxi)osiir(! to the weather the oily eonslitiients soon evai)oiat(', leavin); 
a pulverulent and hut slightly coherent mass behind. This is not due to 
oxidation, but merely to volatilization of the oils pn'.sent in the wax. 

Paraffine wax witlistatids the continuous action of wafer very W('ll and 
finds a reiuiy market for preparing waterproof pai)crs, for manufacturing 
candles, for liousr'hold pur|K>ses, etc. 


W.A.X T.MLINOS 

This product is obtained during the dry distillation of non-asphaltic 
or mixed-base jx'troleum. The re.siduum left in the retort at the end 
of the first distillation is subjected to a second process of dry distil¬ 
lation, whereupon the wax tailings di.stils over just prior to the forma¬ 
tion of coke. (See p. 282.) Wax tailings is sometimes termed “ still 
wax,” although Iroth these names arc misnomers, since it contains 
only small quantities of paraffine wax. It consists largely of decomposi¬ 
tion products, including chrysene, picene and anthracene, and has a decided 
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yellow color, by which it is recoRiiiiscd duriiiK the prcx-ess of distillation. 
Upon cooling it forms a very viscous scmi-li(iuid to sticky semi-solid of a 
characteristic light yellow to yellowisli brown color. It complies with the 
following tests: 


(Tt‘Mt 1) ('olor in iiituw 

(H'Bt ’l'«) to th*' !•)*• Hi room ti'iniMTHtup' 

(Twt 2h) lloiiioKriicKv uii(i**r nnrroflcopf 

(T<*»t 3) AppPHranpi* surfiK'p b4C*'iI iiKtoora 

(Ti**i 5) T.ijMr** 

6) Sin-nk on porn-lHin 
(T<TJt 7) Sjn-nfK Krnvity «l 77‘ V 
Or) Conmnp'tiry nl T?" K 
(Toil ‘><i) SiiiccptitMlit V lii< i^r 
(Tv-t 10) Dnrhiilv .11 77^ K 
(T«t*t ri) on hi'Htinc 

(T>‘sl H>i> Hi-havior on iiK lUiiK 


( r’"*! I.Vi) r«iwitii(>|H)iti( (K A S nll•ll|oc)) 
(T'‘hI Pbi) Volitil - rtuilii'f -It V)0’ r. 4 liri 
17<ji KItHh-jioifil 
Croal lOl FuivJ e/irliori 

Jl-I) .S'lhiliiliu in rnrlmii iliaiilptiitli- 

(T<'<l ml iiii»ll<r i.isoluMf 

(Tp'*I 2lrl MMi<r:il niutli-r 

(T.'H 1*J) 

(TohI 2Jl .'"^••liiliilHv in HM’ nnphtli'i 
(T.'hI 2s) 

(T«"*e '10) Ot\,(en 

.12) Na|>[ithiilp>if 
(Tost .'ll) Partiffiiio 

(T*'si II) SstnrHl*<1 hv<lri"'firl>oiii* 

.!'») Siilplxiniitioii r skJu.* 

('I'*-'! .‘17) S'liKxiifinhlc <<in-<iiii|oii(N 

(Tist II) Di.'isn rpiiriioii 

(Ti-st 12) AnllirnqiiirioiiP f*‘»rli<)n. 


Y<*ilow to yi*lln«iHh brown 
(lfii(oriit lo \<'r>' Hitfthily 
Itranulnr 

I'liiform <o icriUy (due to 
Ibi- «T>Hl*Uin<> raiuKil* 
urniH priHwot) 

Variabli' 

Waxy 

Palf >«'IJow 
1 0I> 1 10 
4 20 

20 »0 

llatially tpiitr high 
Oily 

Paaw* v«Tv rHimlly from 
lilt* wilid to Ilic lit|Uid 
Hiaii* 

00 100* V 
4-10 *; 

300 4.^)* h 
2 H'. 

OS 100', 

0 2', 

(I 'rrm<- 

0 TfiW4' 

O.'V HKl', 

0 TfHi-f 
0 -2', 

Ali’^nl 


40 70';, 
(HI 100';;, 
I’rH'i* 

No 

Yi-h 


Was failiiiK' is an cxcoctiinulv jco<>'l flux, ant! will ihoroughly ainalKamak* witli 
th(* harltT .asplults arol a-sphaltiU's. inrlinlinK oven Kraharnilo It fornin a Ik'IIoi 
' lux thin the n'witlinl oils flonvofl from asph.-iltic jiotrolouin. \ very winall })or- 
oonfaKP "'ill often .s«*rve to (horounlily flux iiiaterialH which are otherwise inixari* 
pitihle, anti at the .same time inrreaie the ductility of the mixture. (Vrtaiii jw. 
philts, althouKh they may flux together at hi|th (em|H?ratun?K, will separate partially 
on c<x)lmg, forming ft very finely ip'aiiular coinlition, which is particularly noticeahle 
when the .surface of the mixture is freshly disturlHsI, or uiwn drawinK a small 
Iiellicle into a threat! 1 'he preM*nce of a wiiall |)erc<*ntafte of wax tailings will 
often prevent this, anti it then'fore enjoys a uni<|ue position among the fluxes. 
Large quantities, however, should lie avoided ns wax tailingis is extremely susceptihle 
to changes in temperature and lacks weather-prof>f properties. The presence of 
wax tailings will increase the solubility of asphaltic substances in petroleum dis* 
tiilates, and accordingly becomes useful for manufacturing certain types of bitu> 



312 


ASPHALTS AND ALLIED SUBSTANCES 


mmoua paint. A representative sample of wax tailings tested by the author gat 
the following results: 


(Twt 9c) Connistency at 115* F. 

ConHisiPtipy at 77* F . . 
roiiHiBtPiicy at 32® F 
(Te»t Ofl) Stwcfpnliihty factor... 

(Teat 105) Diiculiiy at 115* F 

Ductility at 77® F , . 
Ductility III 32* Fa 
(Teat 11) Tciisilc strciiKth at 115* F 
Tanailc sfrcDKtli at 77® K 
Tensile stfcuKth at 32® K 
(Test 15a) Fu*‘in(fpoiiit (K A S inctliocl) 
(Tost 155) FiiHiiiK-point (i) & It method) 
(Test l7o) FliiHh-poiiit 


0.0 
5 9 
22 9 
25 0 
1 1 
3 9 
13 5 
0 0 
0 5 
9 5 
90® F 
98® F. 

382® F 


'rhi* protliuiiion of w»x tiiiliriKS is not larRo, and it i.s not, therefore, of gretit impor¬ 
tance to the iiKphult industry. 









C'lIAITKK XXI 
WURTZILITE ASPHALT 

WrifTziuTE asphalt nr wiirlzilitc pilch, ii]iirk(“l('(i uiidor thn name of 
" kapak," is produced by crackinit or de|silviiierizin(' wiirlzilite (p. 

It is .similar to the latt(‘r in its phvsi<;d cliarm lerislies with tlic exce])- 
tion of: 

(1) 'I'hc hardness, which is v<‘rv nineh rislmssl, 

(2) Its fusibility. 'I'reated wiirtzihte is fusible whereas eriidc wiirtzi- 
lite IS not. 

(.'!) Its solubility. Trealisl wnrtzilile is remlily soluble in carlsin 
disulphide, and niixierately so in KS" naphtha, where.as the crude product 
is practically insoluble in Isith. 

The proee.ss consists in healiiiK the wnrlzilito in a elosisl vessel 
or still to a teiM|H'ralnre of .'illlt to .WII" I'., under niori' or le.ss pressure. 
Vafsirs are evolved dnniin the process which are condensed and returned 
to the still, and in turn attack the wnilzilite, first rishiciiiK it to a plastic 
ma.ss. whii'h after healiiiir is converleil into a fn.sible snbstanee. if the 
vaiMir pre.ssiire becomes tisi Kieal, so.iie is allowed to esca|X‘. The pris'- 
ess which takes place is virtually a “ de|S)lymerizalion " (sr-e p. .'iS).' 

In practice, the wnrtzilile is first rim throiiKli a ernsher to break up 
any coarsi' limips, and then fed into a horizontal cylindrical still through 
two eliarKinK hop|X‘rs, one at either end. provided with tiithtly fittinn 
covers which are fa,stened int > place U fore the tires are starftsl. 'I'he 
Ixittom of the still is protected by a fire-brick arch, and the prislnets of 
eombiistion after pas.sin); underneath the arch, are retiirmsl in threH! 
fin'-flnes rimninK through the still (one 1(1 in. in diameter and two (I in.), 
and thence back asa n in the spiwe siirroimding the still, alsive the arch. 
The vapors Rcnerabsl from the wiirtzilite pass upward through two pijies 
joined to the top of the .still, near the ends, and eonnecU'd with a single 
water-cooled coil, which eonden.scs the vajsirs and returns most of the 
eondensate to the still. Not all the condensate Ls returned, however, for 

' V S TnH eui.017 of IVc 13. ISSS. 617,70(1 „( Jun 17. 1609. lind 620.082 of Fob 21. 
iswi, oil to (’ E Anthon.v. 6.'i.',.130 and 6.V..131 of July 31. 1000 nlxo 716.787 of Doo. 23. 1602. 
all to II .M Thompaoo. 7.34.182 and 734 483 of Jnlv 21. 1003 t« 8 R, Whitall, 768,101 of 
An« 23. IWM to F M Wliilall. 864.8,16 of S.pt 3. 1007 to W. F. Do(>rfliii|i.r and I- H. Buck; 
084,240 of Frb. 14. 1011 to J C. Roaa. 
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practice has demonstrated that the optimum results are obtained if 
2 to 5 per cent of the distillate (based on the weight of wurtzilite charged 
into the still) is drawn off. This may be used as fuel under the still. 

The longer the wurtzilite is heated in its process of manufacture 
the greater the quantity of oils produced, which act in the same manner 
as a flux, and hence lower will be the fusing-point and hardness of the 
resultant product. 

It takes .six to eight hours to rai.se the temperature of the charge to 
400° F., then four to six hours to reach the maximum temperature (580° 
F.), which is maintained from twenty-four to thirty-six hours. The 
contents are then allowed to cool to 450° F., and finally drawn off through 
a valve at the bottom. 

According to the author’s investigations. Nova Scotia albertite is 
also amenable to this process, although up to the present time it has not 
been treated thus commercially. 

The wurtzilite products are iTiarketcd under various arbitrary numbers 
ranging from “ 0 ” to “ 10,” each of which is recommended for a specific 
purpo.se, including the manufacture of paints and varnish, insulators, for 
manufacturing insulated wire, for weather-proofing conduits and cables, 
as a filler for mechanical and hard rubber compounds cured by the press 
or open steam method, for coating prepared roofings, for manufacturing 
carriage drills and similar compositions applied by the calendar process 
and cured by the dry heat method, etc. f'ertain of tho.se compounds 
represent mixtures of wurtzilitc asphalt and gilsonitc, with or without 
the addition of asphaltic fluxes (c.g. residual oil), and vegetable oils 
(c.g., linseed oil, palm oil, etc.). 


Wurtiilite asphalt complies in general with the following characteristics: 
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TIm‘s(* fiKurcs lhal tin- cxIj'IiI r»f sofh'tnnfj and lr>w<Tinj£ tho fiiKiiiK* 

pond IS di‘i)ondoiif iiikhi Iho cxdMd lo winch the proci-ss of 4lc|M)lynK'ri7.a(i<m Ima 
pro^n'.'v'S'ti It j.H iiit4^n.‘s(inK (o ohservi* in tins coinu'ctiori (hat (Ik* susccptihiltiy 
fat lor rcinaiiis practically uncfiaiiKcd. 

W iirlzilit(‘ nsphalt is T'liariiclPiizod li.v its low sijccilic Rravity, lii({li- 
fiisiiiK-isiiiit, low siisccptiliility factor, extreme touKlme.ss and rnlilxT- 
like ptd|x'rties (i.e., resiliency), Inuli-tensile .strenutli, small iXTeentuRes 
of oxvKcn and iion-miTieral matter, lac'Ke isTcentaKc of siilplionation 
rc.sidne, and alrsence of sa|x)nifial)le constitiii'iits. 

It is (|uile .similar in many res|x-cls lo Mown iLsplialls fparticnlarly in 
i-eKard lo its .snsceptihility factor), lait may 1 k’ dilTerentiatixl from 
tlie.sc by: 

(1) A greater liardness or con.sistency at 77° F. for any given fusing- 
point. 

(2) A greater tensile .strength for any given fusing-point. 

(3) Smaller pereentages of oxygen. 

(4) Smaller percentages of saturated hydrocarbons. 
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Wurtzilito asphalt is also similar in many resperts to the fatty-acid 
pitches, especially in its toughness (resilience) and its low susceptibility 
factor. It is distinguished from these, however, by the following: 

(1) Its solubility in 88° naphtha, which is smaller than in the case 
of fatty-acid pitches. 

(2) The presence of sulphur, which is absent in the fatty-acid pitches. 

(3) The smaller percentage of oxygen. 

(4) The larger percentage of sulphonation residue. 

(5) The absence of saponifiable constituents. 

In other resiswts they arc apt to test pretty much alike. 

Wurtzilite asphalt shows remarkable weather-resistance and finds its 
greatest use in matmfacturing asphalt paints and for coating prepared 
r )ofings. Its u.s<' is limited by the small (|uantity prwluced, and the com¬ 
paratively high price at which it is marketed. 



CHAPTKH XXn 

FATTY-ACID PITCH, BONE TAR AND BONE-TAR PITCH 

'I'liKSK arc classiticd touctlaT iH'caii.sc all are dorivMl fmin siil)fitaiicc‘s 
c'liidainiiiK animal or v(>K<‘lal>lc fats or oils. altlioiii;li in inaniifactiirinK 
IxMic tar and bono-tar pitch the crude materials carry hut a small proisir- 
tion. 

FA'l'TY-AtTD PITCH 

Various generic terms have U’cn used to designate this product, 
inchiiling candle tar, “Kerzenterr" ((ierman), " goudron ” (French), 
candle pitch, fat pitch and " Felt|M'ch" (Cierman). S|x"cific names 
have also lieen applied, deseriptivi' of the raw materials used in pro¬ 
ducing the pitch, such as stearin pitch, palm-oil, pilch, iKine-fal pilch, 
cotton-seed-oil pilch, cotton pilch, collou-stearm pilch, collon-seisl- 
foots pitch, corn-oil pitch, corn-oil-foots pilch, packing-house pitch, 
garbage pilch, .sewage pilch, fiiller'.s-grea.se pilch, wisil pitch, wool- 
gre.ase pitch, wixil-fat pilch, choh'slerol pilch, and stearin-wool |)ilch. 

The fatty-acid pitches ai(> ohiained as In -pnxlucts in the following 
manufacturing processes: 

(1) I’nHiuction of candle and soap slock.s. 

( 2 ) Kelining vegetable oils by means of alkalies. 

(3) Uefining refu.se greases. 

(4) Tn-atment of wtsd grease. 

'I’he raw materials u.sed include the vegetable oils and fats, animal 
oils, fats and waxes (wtsil grease), also the waste greases d(■rived from the 
foregoing. Vegetable and animal fats and oils are combinations of the 
fatty acids with glycerin, known as “ triglycerides,” and illustrated by the 
following generic fonnula, in which “ U ” represents any fatty acid radicle' 

,011 

C3H5(-()R 

^OK 

Fats and oils may be purified or refined in two ways: 

(1) By treating vegetable oils with a small amount of caustic soda 
to remove the coloring matter, free fatty acids and other impurities, with- 
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out, however, breaking up the triglycerides. This proce.s.s is used for refin¬ 
ing vegetable oils when they are to bo used for edible purposes. The resi¬ 
due is treated with mineral acid to break up the soaps, and then distilled 
with steam to recover the fatty acids, whereupon a residue of fatty-acid 
pitch is obtained. 

(2) By decomposing or “ hydrolyzing ” the triglycerides into glycerin 
and free fatty acids, and then distilling the latter with steam, whereby 
fatty-acid pitch is obtained as a residue. The object of distilling the fatty 
acids is to improve their color or odor and thereby adapt same (a) for the 
manufacture of candles (which arc commonly light colored or white), 
or (6) for manufacturing soaps (such as toilet .soaps, etc.) which must 
be odorless and preferably light-colored. 

Production of Candle and Soap Stocks. These are obtained from 
various animal and vegetable oils and fats, also from waste greases. It 
is aheays necessary to subject the fatty acids to a process of hydrolysis 
and steam distillation for producing candles, but not for manufacturing 
soaps, unless the fatty acids arc too dark in color for the chaiacter of soap 
required or possess a disagreeable odor, in which event they are purified 
by distillation. Various methods of hydrolysis may Ix' used, but they 
all depend upon the same reaction, in which the triglyceride combiins 
with water and decomposes into glycerin and fatty acids, as illustrated 
in the following equation: 

/OR /OH 

CsHsr^OH-l-aH ■ OH=CaHsOd )H+3 R • OH. 

^OR X)H 

Triglyopridp Water CJlycepin Free Fatty Acid 

(fat or Oil) 

It is necessary to hydrolyze the fats or oils before distilling the fatty 
acids, since the triglycerides them.selves are not capable of being distilled 
without decomposition. The following methods of hydrolysis have Ix-cn 
used: 

(a) Hydrolysis by Means of H'otcr. Fonnerly, water alone was used 
for the purpose, the fat or oil being heated in an autoclave with 30 per 
cent of its weight of water at 220 lb. pressure (corresponding to a tempera¬ 
ture of 200° C.) for eight to twelve hours. This decomposes the triglyceride 
into fatty acids and glycerin, but with water alone it is difficult to break 
down the fat completely. It has been found that the addition of 3 per 
cent of lime or magnesium oxide, and preferably the latter, assists the 
reaction and produces a larger yield of a lietter prorluct, and at a much 
lower temperature. Accordingly the fat or oil is heated at 120 lb. pres- 
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sure in a horizontal or vortical cylindrical vessel provided with a stirritiK 
device, with 20 to 2o per cent hy wei(jht of water and 3 |H-r cent of 
lime or niap.^'sium oxide. The hrcakiiiK down of the fat is practically 
complete at the end of eight to ten hours, and in addition (he color is very 
imich l)etter, n.s there is le.ss decom|Mwlion, due to the lower ti'mi)cratiire 
employed. The fats or oils used for this pur|)ose may consi.st of animal 
or vegetable tallow, palm oil. Ixuic fat. lard-or cotton-.s(‘ed stearin (crvstal- 
lized at low tem|H'ratiires from lard or cotton-sfx'd od rcsis'ctively), shea 
hotter, etc. 

At the end of (he process, the fri-e fatty acids risi' to the surface and an' 
skimmed off. leaving (he n(|U('ous liipior containing the glyi'crin (together 
with the hydrated lime or magnesia, when the latter are ii.sed). The 
giveerin is iveovered liy a special process which, however, does not fall 
within the seojX' of this treatisi'. The fatty acids are snhjeeteil to steam 
distillation to deodorize and whiten them, also to purify them hy .separating 
any non-hyd roly zed fat. 'I'he fatly ai-ids are run into lead-hiied tanks 
where they are first treated with dilute sulphuric acid to remove any Iriiees 
of iii.agnesiiim oxide, etc., then washeil with water, heati'd to exix'l the 
moisture, after which they are fed into a retort and distilled with super¬ 
heated steam with or without the use of vacuum. The fatty acids suitahle 
for disiillution should not eontam more than .a jier cent of noii-hydrolyzed 
fat (neutral fat) nor more than (1.2 (XT cent of mineral matter. 'I'o ohtain 
a distillate of goixl (|Uahty, care should he taken not to ilislil (he fatty 
acids at t(xi high a tem|X‘ra(ure as (hey are extremely siiseeptihle to over¬ 
heating and decoiii|xi.silion into dark-colored hydrocarhons (un.sa|x)n- 
itiahle), which would, of course, depreciate (he value of (he distillate. 
The still should Ix' constriieted so (hat the (lames will not come into 
direct contact with the Ixiltom and cause local overheating. The 
teiii|X‘rature of the material in the still should preferahly Ix' maintained 
iH’tween 230 and 2.50° ('., and although in certain instances it is ix'nnissihlc 
to reach a tem|X’rature of 270° ('., under no circuni.stances .should this he 
excecdeit 

Two methods arc used for conducting (he distillation. The first 
consists in eontinuou.sly replacing the fatly acids, as they distil with an 
eipiivalent quantity of undistilled material, as long a.s the distillate shows 
a satisfactory color and i.s free from unsaixinifiahle hydrocarhons. The 
effect of the distillation is to concentrate the impurities and unsaponified 
(neutral) fats or oils in the still. The distillation conductcrl in this manner 
may be continued for five to six days Ix'forc it lx>comes necessary to clean 
out the retort, which is then filled entirely with a soft fatty-acid pitch. 
The second method con.sists in replacing the distilled fatly acids for but 
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sixteen to twenty-four hours, then dwconliniung the addition, and dis- 
tillinir the contents of the retort until tlie distillate ceases to be of suitable 
quality, as is evidenced by a change in i(s color. TIk' resiriue consisting 
of soft fiitty-acid piti'li is tlien dnuvn off into a sepanite still known as the 
“ pitch still,” the first still icchaiKed, and the procc.ss reix-ated, until after 
a sufficient number of distillations a sullii'icnt (piantity of soft fatty- 
acid pitch accumuhites for further treatment. It is l■laimed that the si'cond 
method gives better results and yields a distillidc lighter in color :itid con¬ 
taining a smaller |X'rcentage of hydiocarbons. 

In either -a-se the .soft icsidue is distilled .separately with superheated 
sleam and vacuum. When the neutral fats increase in concentration to 
12 to iri per cent they commence to decompose into hydrocarbons, some of 
which distil with the fatty acids and some remaining with the re.sidue 
This portion of the distillate known as " still returns ” is accordingly 
caught separately and .’•eturned to the first still to be worki'd up with 
another charge of undistilled fatty acids, whence it derives its name. The 
final residue constitutes the so-called " fatty-acid pitch.” 

The following figures will give an idi-a of the yields from the fatty 
acids derived from fats and oils hydrolyzed by (lie treating w'ith 2,() to 
3 per cent of magnesium oxide at a iiro.ssure of nine atmospheres for 
eight to ten hours.' 
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Tlie distilled fatty acids are next separali'il into two portions repri'sent- 
ing those of low and high molecular weights res|x‘ctively, by cooling and 
crystallization. The mass is first cmiled to a low tem|)oralure and tilter- 
pre.s.scd. The filtrate known as the " .saixmification olein ” is cooled 
again and repressed to separate any additional quantities of “ saponifica¬ 
tion stearin.” The latter is combined with the “ saponification stearin ’’ 
separated from the first pressing which is then treated at a higher tem¬ 
perature in a steam-heated press to remove the last traces of “saponifica¬ 
tion olein.” The following yields are obtained: 


’ Kw'lfr, Cftt/n Jftr Fill-flun-Inil, ♦, 41», 1002, 
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Till’ ^:l|>onllil•:ltl(lll stearin may lie iiseil fur nianiifaetiirmt: eatnlles. 
in wliieli event it is mixeil with a certain in’reentaire of iiaralliiie 

wax, (ir in .sniiie iiistanees it may he iiseil fur |ir(KhieiiiK haul white Miap- 
The saiKinilieatiiin olein may he iiseil for iiiaiiiifaetiirmn .soaps or wimiI 
oils (cloth oils), or it may he eoiirerted hy a hydroaeiiation process into 
siihslanees of higher iiieltinn-pomts, siiitahle for prodiiemt' eaiidles. 

(I>) Ihiilrohisis III/ Miiinxiif Cmai nliuliil Siiljihiini- Anil.' The fats or 
oils are first freed from iiioistiire hy heatint! to a tem|)eraliire ot 1211° (' 
l| is essential that all the moisture Im' removed to prevent exees.sue 
deeom|)osition. I'lie mass is then ni/ed/// mixed with 1 to ti |M’r cent 
of eoneenirated .siilphiirie acid (liti to ti7° Hainiie) and heated in a eylin- 
drie.al ve.ssel provided with a nieehanieal anitator. The heatmtf is eon 
tinned just Ion}; enoii};h to hreak up the triixlyeerides and no lonner 
The siil()honated mass is then immi'dialelv rmi into hoiliii}; water atid 
agitated hy a steam jet until the sulphonaled acids hydrolyze. 'I'he 
mass IS then allowed to stand (|Uietiy iititil tin' free fatty acids ri.se to 
the surface, leaviii}; the |;lyeerol and sulphuric ai id m the lower layer. ' 

The fatty acids produced in this manner are dark colored and rniisl 
he ilislilled. 'I'hey are tii-sl washed with water until neutral, then healed 
to exix'l the moisture and finally distilled with su|x'rheated .steam with or 
without a v.aeuum as previously de.serihed, whereupon a residue of xnfl 
fiillil-iiciil Illicit is obtained. Aeeordiii}; to modern practice, this residue is 
again treated with eoneeiitrated .siilphurie acid to hydrolyze any neutral 
fats remaining, and iiieidi’iitally remove the aeeumulati'il mineral matter 
(ineluding aiiv eoptx'r or iron derivixl from the tlills). ft is then wirshed 
free from the ai id and redistilled, le.avitig a residue of iiiciliuiit to hiinl 
fiilhj-iictil jiitcli. d’lie dark colored distillate, known a.s " still returns,” 
is worketl up in small quatititics with the crude fatly acids undergoing 
their first distillation. 

The yield of stearin known in this ease as " distillation stearin ” is 
greater than that ohtaimxl in the ar)ueou8 process of hydroly.sis, due to the 
fact that some of the olein (in this ease known as “ distillation olein ” 
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or " distilled olein ”) is converted into a solid product (consisting of 
stearolactone, isomeric oleic acid, etc.) ■ The olein and stearin are separated 
by cooling exactly as in the foregoing process. A smaller yield of glycerin 
is obtained due to its partial decomposition by the acid, and that of fatty- 
acid pitch is also less and of a darker color. 

The following yields are obtained: 

Diafilh'd ntparui cir distillation stearin .61-63% 

Dislillecl olein or distillation olein . . 30-32% 

Distilled glycerin or diHtillation glycerin . 8 -9% 

Fatty-aeul pitch. . . 2-3% 

To avoid losing the glycerin, which constitutes one of the most impor¬ 
tant and highest priced products, a “ mixed i)rocess ” is now used consist¬ 
ing of a combination of the foregoing. 

(c) Hydrolysis by the “ Mixed Process.” This is a combination of the 
two foregoing processes, and eonsists in first hydrolyzing the fats or oils 
in an autoclave with water and an alkaline accelerating agent (such as 
lime or magnesium oxide), and in this way recovering the full amount of 
glycerin. The resulting fatty acids are dehydrated and treated with 
concentrated sulphuric acid in accordance with process (b) to increase the 
yield of stearin and complete the hydrolysis of any neutral fat which may 
have escaped the first treatment, and thus minimize the formation of hydro¬ 
carbons in the distillate. 

The following yields are obtained: 
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The following products arc obtained on (rcating tallow: 

DiHtillwl Mfi'Rrin 61-63% 

DiRdlli'ii oioin 32-30'.'o 

Dinlillfd glvppria (cp gr I 24) 10% 

Kulty-HPul pHc'h 2- 3% , 

(d) Hydrolysis by Means of Sidpho-corniminds. This process, known 
as the Twitchell method, is rapidly replacing the others, and is now 
employed in soap factories for treating the fats or oils Wore soap-making, 
as it separates a purer glycerin and at the same time results in a greater 
yield (88 to 90 per cent of the theoretical quantity contained in the fat 
or oil vs. 80 to 84 per cent obtained in the direct caustic soda saponificatior 
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method for soaps). Moreover, the liquor separated in the Twitehell 
proecss is not contaminated with the sodium cliloride ii.se<l for “ salting 
out ” the soap in the ordinary mctlicKl, and it contains 1.5 per cent by 
weight of glycerin agaitl^t 3 to 4 jw cent in the iHjuor obtained on direct 
saponification of the fats or oils with .s(Hlium hydroxide. The fonner 
therefore effects a saving in eva|)oration. 

The fat or oil is first purified by steaming with 1 |a-r cent of 00° Daumt^ 
sulphuric acid for alajiit two hours. It is then transferred to a wooden 
vessel equili|a‘d with (x'rforatcd steam pi|)<'s aho a, well-fitting cover to 
exclude air which would cause the fatty acids to darken, and mixed with 
50 |x'r cent water and 1.5 |«‘r cent of the Twitchcll reagent. The latter 
is prepared by allowing an exce.ss of sulphuric ai'id to act on a solution of 
naphthalene (or other aromatic hydrocarbon) in oleic acid, which results in 
the production of a laxly having the general composition: ‘ 

CioHi,' **',*,* Naphthalcne-sulfo-stcaric acid, 
t isll:i,'.02 

It is advisable to introdiicca ••-mall |X‘rccntage of free fatty acids tostart 
the hydrolysis which othcini.sc takes a little time to Ix'gin. The material 
is steamed for twenty-four hours, whereupon a small (pmiitity (l).l to 0.2 
per cent) of 00° llaiiii.c suliihuric acid is added to break up the emulsion 
and permit the fatly acids to rise to the siiifacc and the glycerol to pass 
into the a(|Ueous luiuor below. Alxmt 0 05 per cent of barium (arbonale 
is finally added to iieutrali/.c the mmcr.il acid 

The resulting fatly acids are dark in color and must Ix' di.stilled. This 
is usually affected after a preliminary Irealmciil with concentrated sul¬ 
phuric acid as in methcxl (5) to incren.se the yield of stearin, which is of 
,s|x'cial importance when the product is to be used for manufacturing 
candles. The yield is the same as obtained from the saponification or 
mixed process respectively, depending u|X)n the exact method of treatment. 

A new reagent has recently ap|X‘arcd on the market under the name 
“kontakt,” discovered by the Hussian chemist (irigori I’elroff,^ consist¬ 
ing of aromatic siilpho derivatives prep'red from Baku mineral oils 
(specific gravity 0.H7il) by means of fuming sulphuric acid. It is suppo.scd 
to have the general formula (Mbn a HO.iH, and is marketed in^the form 
of the soda or potash salts to secure a more concentrated product. This 
catalyzer does not darken the fats or oiks, as was the case with the earlier 
reagent, and hence it becomes unneces.sary to distil the resulting free fatty 
acids in making high-grade soaps, unless the raw fats or oils are themselves 

'I? ». Put flOl.WW of Mar 29, IHOH. to Krn.-t 

» French Pal. 448,207 of Ang ,11. 1912, V S Pat. 1.233,70f> of Jul. 17, 1017, to Origon Petroff. 
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very dark in color. With high grade stock, J to 1 per cent of kontakt 
is used, and with low grade materials, such as yellow or brown greases, 
1 to 2 per cent.* 

This process is adapted particularly for treating raw materials of 
low quality, including “ greases,” which do not readily yield to method (o). 

(e) Hydrolysis by Means of Ferments. This method is also mooting 
with some favor, as it produces a large yield of glycerin unoontan)inatcd 
with salt or other solids difficult of separation. Many soap manufac¬ 
turers accordingly hydrolyze their stock by means of ferments to separate 
the glycerin, and then .saponify the resulting fatty acids with sodiutn 
carbonate either direct or after first purifying th(“in by steam distillatioti. 

The ferment is derived from the castor plant by grinding the decorti¬ 
cated castor beans with water and filtering tlnough cloth, whereupon a 
white creamy filtrate is obtained which is sot to one side and allowed to 
ferment spontaneously. The ferment which rises to tin* surface, is 
skimmed off and usrid while fresh. It is coni|K)s('d of a thick cn-amy 
substance containing approximately 38 (X‘r cent of fatty acids dewived 
from castor oil, .58 pew cent of w'ater and 1 per cent of an albuminoid sub¬ 
stance containing the active material. 

The fat or oil to be treated is mixed with 41) |x‘r cent water, 5 to 8 
per cent of the ferment and 0.2 |M'r cent of manganese sulphate in a haul- 
lined ves.sel equipped wdth a straim coil and a perforated compr('ssed-air 
pipe. Heat is then turned on, and the temperature maintained 2 to 3° ('., 
almvc the melting-point of the fat or oil. Tlu' mass is agitated by air intro¬ 
duced through the perforated i)i(Hi and the treatment contimied one to 
throe days until the hyrirolysis is coinpleti'. Sufficient steam is then 
turned on to bring the mass to a tenqx'rature of 80 to 85“ (’., whereupon 
0.30 to 0.45 per cent of .50 per cent of sulphuric acid is stirred in by air. 
This breaks up the emulsion, the clear fatty acids rising to the top 
and the aqueous liquor containing the glycerin settling to the bottom. 

When the separated fatty acids arc pale in color they may Ih‘ saixmi- 
fied directly for manufacturing .soaps. Where dark-colored fats, oils 
or greases have been employed, which result in the pnaluction of dark- 
colored fatty acids the mass is distilled with steam, whereupon the fatty- 
acid pitch is obtained as residue, t'andle stock may also lx- produced 
by subjecting the purified fatty acids to a low temperature and filtering, as 
described previously. 

It is, of course, understood that when the crude oils or fats (triglycer¬ 
ides) or the free fatty acids derived from them (by any of the foregoing 

• “A Now Catalytic RcaRcnt for SpliUing Glyccria from Fata and OiU,’* by U. E. Divine, 
Am. Pet/umtr, XI, 377, 1017. 
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pri)('ossi‘.s of hydrolysis) are sa|X)iiifi(Hl tlinrlhj with s(Kliiini <'arl)onat<> 
(soda ash), no fatty-acid pitch is pr(«luccd. 

Refining Vegetable Oils by Means of Alkali. Most vcgctahlc oils 
intcnd(Hl for odihic piir|xis<'s, whctluT tlu'y arc to 1 h' usihI for salad oils, 
lard suhstitiitcs, iiiargarinc niaimfaitiirc, or directly for cooking oils and 
shortening, hit first treated with caustic soda for the pnr|xisc of renioving 
free acids, coloring niatter, alhiiiiiiiioiis nialcrial, resins, etc. 'I'he oils 
chiefly treated are cotton-.si-ed, corn, soya Ik'cii, cocoamit and |)eannl 
oils, 

(n) Hcfimng Cotinn-sced (hi. ('nale cotton-seed oil when ohtaiiied 
fresh from the .seed varies in color from reddish hrowii to almost lilack. 
This is due in part to the coloring niatter, which isa dark re.sjnonssnhs.aine 
capable of conibimiig with caiistie soda forming a waler-soinble salt, 
also albumin and [lectiii bodies. The method of reliiiing the oil consist i 
in agitating it with varying quantities of caustic .soda .solution, the strength 
of which will range from l.lll to 1.2(1 s|M‘ci(ic gravity, according to the 
|X‘rcentage of free fatty acids |>resen( and the practice of the individnal 
reliner. The agitation is elTecled liy iiieclianieal stirreis in large tanks 
provided with heating coils. The quantity of alkaline li(|iior addeil is 
determined by careful laboratory test and run in through iM'iforated pipes. 
The elTect of the alkali is first to darken (he oil and apparently thicken it. 
After a .short time .small flakes Isgin to .separate and heal is then applied. 
As the temperature increa.ses, the flakes become larger, owing In the soap 
softening and rnmiing together. When the right point is reacherl, at, 
teni|K‘rattircs varying from 1(H) to 130° I'., steam and agitation are shut 
off and the soap drops to lh(‘ Isittoni of the kettle, forniing a nnicilaginons 
mass, varying in color from yellow to brown Ihrongh all shades of green 
and red. This material is known as the " fisits." The i lear light yellow 
oil which i.s pumped off the foots is then relined further for edible pnrpo,sea. 
('otton-si'ed oil purified in tins manner is known to the trade a.s “ summer 
vellow oil,” When used in making lard substitutes it is bleached with 
fuller's earth and then (kHidorized, generally by the use of steam. Salad 
oil i.s obtained by chilling the sniiniier yellow oil so as to crystallize out 
the palniitin which is separated by pres,siiig or filtering. 

In the I'nitetl States alone (he annual production of cotton-seed fixits 
amounts to approximately half a million barrels valued at two million 
dollars. The foots vary in gravity from 0.07 to 1.04, averaging about 
1.00. They contain the soda salts of the coloring matter, the soda soaps 
of any free fatty acids present in the cotton-seed oil (30 to 45 per cent) 
the coagulated albumin (8 to 12 per cent), pliytosteryl (see p. .'54()), ano 
varying quantities of mcchanieally entrained cotton-seed oil (triglycerides). 
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CoHon-sfod foots arc sold on the basis of “50 per cent fatty acid" 
As a matter of fact they contain between 35 and 65 percent, averaging 
about 45 jx'r cent, A representative sample contained: ‘ 


Vntty nuhvilrnU->* ('rr.rn-pofn/iHg to h “Mt-iur cr/if s(<. 


4K 

tilyrcnn 



CailNlif runlti (Xilit)) 


.3 mo 

I'orcixii tifKiuiir mniiT 


f) 90^,', 

Coloring tiuiitcr 


2 42% 

Wnt.-r 


.'if. (Hl% 

Toltil 


100 00% 


Till' coltoii-sccd fools may bo ooiivorlod dirootly into soap by boiliiiR 
lip witli a small oxooss of oaiislic soda and “ salliii); ” il out in tlio usual 
mannor, wlion no pilch will bo oblainod. 'I'ho rosnltinu soap is known 
as “ killed foots " and the dark lyo oontairnnK Iho oolorinp maltor and 
impuritios is run lo waste. A prooo.ss has also boon do.soribod for rooovorinp: 
a .shollao-liko snbstanoo from oollon-sood fools by oxidizing with hydro¬ 
gen peroxide in an alkaline solution and acidifying lo separate the fatly 
matter.- 

Usually, however, the eolton-.seed fools are subjected to distillation. 
They are lirsi aeidilied while hot with dilnii sniphnrie acid, whereupon a 
“ black grease ” eonlaining alamt tIO |M'r cent of the total fatty acids 
(ealeulated as oleii') rises lo the surface. 'I’his is separ.aled ami subjected 
to the Twitehell or other hydrolyzing proci'sses lo break up any neutral 
fat and recover all the glycerin. The fatty acids obtained in this manner 
are equivalent to 7.3 to .S.,‘i |)cr cent of the original weight of the eolton- 
.seed oil ii.sed. They are subjected lo vacuum distillation ■ with su|H'r- 
heated steam lo separate the pure fatly acids from the residue of fatty- 
acid pitch, variously called “cotton pilch," “cotton-oil pitch," cotton- 
seed-oil pitch,” “ cotton-stearin pitch," “ col ton-seed-oil-foots pitch,” 
etc. The quantity of pitch produced will range between It) ami 20 per 
cent of the weight of the crude fatly acids (black grea.se) distilled, which is 
equivalent to 1 to 2 per cent by we.glit of the original cotton-seed oil. 
The yield will depmul upon (he degree the oil is saixinified, the amount of 
impurities present, the effieieney of the di.stilling apparatus and (lie extent 
to which the distillation is carried. 

The purilied fatty acids n’covered by distillation are used for manu¬ 
facturing soaps. The fatty-acid pitch is usually .soft in eonsisteney, 
moderately stringy and of a pale brown color wiien examined by trans¬ 
mitted light in thin layers. 


'I>inid W™oTi. J Soe Chrm Out. 11. .'lO.V 1907. 

*Ct(‘r Pat 220,.^82 of Jun 26, 1909, to }I<'rmann Lofsrhigk. 
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(h) Ufjiniiif) ('<irn Oil. Corn oil |>^ Hoinniiinoo 1 >n Invilnij' with a small 

|iro|M)rtioti of raiioin* Mxia in i maniHT ''imil.ir to the iiie(h<M| ilcscnlMal for I'otton* 
sM-il oil t |)on ijetKlon/tn^ the r<‘iiii«'il |tioiliti-l with '•ii|M‘theateii ^I4"ltn iimii'r 
nalueeil pri'vsiin*. while lieate«| to a leni|H‘r.iHm‘ of HXI I' . an etlilth- proiluel is 
olitaineil. ummI a** a "aiaii oil, .iImi for rake .in<l hi'>i ml in.ikiii^ It ina\ alN> )h' 

eonverteil info a tani <'oin|HHin(l h> a liNili-ofieiiation |>r(M'e*<'' The corn-oil foots 

are friMleil l'\,a iin'tlnMl vnml.'ir to tin* onr insal lor relminn <‘otlon-s<*<aI foofv 
\ pi(<-h 1 " ohtaiiied known .'i> "loriHiil pit<'h." iHK’sevm)' a eoni|>;iratnei\ hi|th 
fn-*iii|{-|>oiii(. c-haraeferi/aal l»y it" riililKT-hke pniixTlie- and lark of dtiefiht\ If 

tlie distillation 1 " earned loo f.ar, tiu' piteli will artiialK ."ohdif\ in the "till and 

ran on!\ U- nmioved with <hfhrult\ 

Refining Refuse Greases, un lltjunuij I^nil.ihii-ftniisi uml i'liii'nss-ninitnui] 

“ Tallow’■ i" the name a)»phe<l to the puri(ie<l "olid fat oi ‘Miet” ohiame.i 
from rattle It is U"(m| e\ten"i\e)> for prodin inu "oap and candle "lock The 
crude f.il i" first “n'lnk'n'd” li\ UnliiiK with water in an o|H‘n \esvl t4t separat** 
if tiom any alhuiinnous nialler or other impiinhc-s pres<‘ni, and then rianlied l»v 
was)llrl^^ with wiaik hrme ‘ l.ard” i" olit iim'd l>\ n'lidenng the soft fat" which 
'iirroiind tin' kidin‘\s. interlines and harks ot piU" I allow an<l lard mav In' iiseil 
as siirh for iiianiifarturint soaps, hm for prodiirmji randies they miM first he 
li\drol\/.e l ami purified h\ sieani-<listtllatioii 

'1 hr waste meat scraps ohtailied from parkitiK Imilses. also till' l•a^ra>!ses of 
animal' fre«al from the l)on«'', an* treated with strain in laiye diK<‘sfors at a IiikI) 
pressiiie to separate tlie fat U lien th(‘ i-iMikmn i' ompleli'. the hatch is allowed 
to staml i|iilell\ to |H'imit the '•uifire ami thi' ihsml^’nraled 

ni(“al-fihr4‘s to srtll(‘ 'I'ln* ^naix’ is skimiiK'd oil and niiNed with an\ additional 
jireaM* re. overe<l from (he M-ttlmns h\ lilfei-pres.ini: Hie resi.iiie i.s llien .‘oii* 
verte.l into fertili/.i’i, atnl lhi‘ ai|U«*ous Inpiid iM-d for m.ikintr nine I lie grease 
teiosere.l Iroiii this proeess has .a .hsaKria’ahle odor ami a daik eolor, ami niiist 
Iw h\drol\/te<l ami '<teanMlistine<l In-foie it .-an h.- i|sed h.r maniitaetnriiiii eitli.r 
.amlle- .u soaii n-sidii.' from the steam distillation proeess amouiilint' to 

iK’fweeii .*) ami h |X‘r 1^-111 of the gn'ase, ron'illules a valiel\ of fatl\-aeid piteh 
liaMiikj -I hjtht hrown eolor when \iewed m e thin lasei ami ixn-al i!urtihl\’ (unless 
the pit.li |S distilled (|«1 fan \ packniK'liouse (tn-as.- has U-I'II e\lel|s|vel\ markeleil 
111 till' eouiili\' uinl<*r the name of "\ellow ^'reas^■ 

(/h h'ljuuiui Ham Cm/is. Tile Hmes r«-.o\enai fr.mi pa. king houses or eare;i*s- 
remierinn work' an* used for maiiufarturiiiK tilue, iHUie-lilaek ius<*d for de.olon/mK 
|x‘frol<‘uni di'fillifes, s«*<- p IlhSl. and ferlili/.et Ikmes from the liea.l, rihs and 
shontder-! la.ies i-ontain 12 to h( |>er cent ol fa*, whereas the larjie tlini:h Imum's 
(‘ marrows") contain 2f) (kt cent The fat is exirarled h\ hreakin(£ up the Huies 
into small fraKin<*nts and tlieii either’ 

(I I 'TreatniK with steam in an aut<«*lave iimler a pri'ssure of 2 to .1 afmosphen*s, 
whereu|xm a iwirtion 4 »f the fat separates and floats i(» the .surface, the (ielalrn 
<ir glue g<x*s into s<,lufioti, and the mineral iiigreihenls iealeniin pluwpliiite, <*fe i 
remain iis n*'idue l-'rom K to 11 jM’r i-eiit of fat (has<*d on the ilry w(‘ighf of the 
Ixmes) is re<'oven*d in this iminner 

(2> I'Atraeting the drusl Ixuw-s with a volafih* srdvent siieh tis Ix'fizine, earlxin 
tetrachloride, or Ih'IizoI in a smlahle apparatus A nnieh larger fioreentjige of fat 
Is extracted in this manner, htif the e{)Ht of of»eration is higher, due to iiniivoidahlc 
losses of wilvenf, and the odor of the product la verx' Mrong. 
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In either event the extracted l)one fat is first hydrolyzed by any of the fons 
ffping methods and then steam-distiJIed, whereupon a variety of fatty-arid pitch, 
known as *'bone-fat pitch” is recovered as residue, amountinR to 5 to 6 per cent 
Uy weight of the l>onc-fat. The product may be used for manufacturing soap, 
or after cooling and filtering, tfie “stearin” may be converted into candles, and 
?he “olein” either used for manufacturing soap or else marketed as such for “wool 
oils,” 

(c) Hefining Oarlxige and Semge Greases. The average city garbage as collected 
contains: 

Water. 70-80% 

(Jre«»e . . 3 4% 

Tankage . 10 20% 

TttUmga (rubbish) . .. 3 6% 

It is treated in a manner similar to that used for working up the refuse from 
packing houses and carctiss-rcndermg estiddishmcuits, namely by iK)iling m large 
digostors holding H Ions for six hours under a pressure of 70 to 80 lb. (Arnold- 
I'^orton System) ' This nnluces the material to a pulpy mass, which is filter-pressed 
to remove the water and grcuuse. The residue, known as '‘tankage,” is dried and 
ground for usi* as fertilizer. The filtrate is allowed to stand, whereufxui the gre;ise 
rises to the surface and is skimmed off. The grease when deliydrated, has a dark 
brown color. It is hydrolyzed to separate the glyierin, and the n'sulting fatty 
mmls purified by sUMUiwhstillation to render them suitable for manufacturing 
so.aps iuid candles. 'I'he n'sulue, known as “garliagi* pitch,” amounting to to 
7 l)©r cent by weight of the garbage, lias a dark color when viewed in a thin 
layer, and is quite .suscoptilile to t4un|HTature changes. 

Sewage also carries a proportion of gn^asc which is now often l>eing recovered, 
cs|3ecially in large cities. 'I'he sewage is first run into large tanks, where the 
solid matter known as ‘‘sludge” settles to the Iwttom. 'I’he precipitation may lie 
acTelerated by miding a small iwrcentage of slaked lime. .Vfter drawing off the 
liquor, the sludge is treated with a small <|uantity of suiphuri<' acid to break up 
any insoluble soaps, and then lioih^d m large digestors under pri'ssure to hydrolizc 
the fats, and enalile the gn*a.se to separate. Tlu' residue is dried and ii.sed as fer¬ 
tilizer. The grease is dehydrated, then hydrolyzed and finally distilled with siijier- 
heated steam, yielding aliout 25 jior cent of a fatty-acid pitch known as “sewage 
pitch.” The characteristics of this are similar to thosi' of garbage pitch. The dis¬ 
tillate contains about 51) (ler cent of li(|uid olein and 50 per cent of solid stearin 
melting at about 113® F.* 

(d) Refining Woolen-mill IFustc. Olive oil, lard oil, neat’s-foot oil, saponification 
olein (or saponified olein) nnd distillation olein (or ihstilled olein) arc sold under 
tlie names “wool oils” or ” cloth oils,” and used m woolen mills for lubricating 
the wool liefore spinning into yarn, or tor oiling old woolen rags liefon* grinding and 
“pulling” in the manufacture of “shoddy.” One of the {lerquisitcs of the wool 
oils is that they shall have no temlency to dry or oxidize, and they must also be 

‘‘‘City Kefuse ood it« Disposal," II dc B Piinums, /. Soc. Chem Ind., tT. 376, 1908; “Col¬ 
lection and Final Disposition of City Wastes by the New York Department of Street Cleaning," 
Kdward D. Very, J. Soc. Chtm , Ind. tT, 378, 1908; “Garbage and Rubbish Disposal in Los 
Angtlea," by S. B. Simons, Afwm'c. J , It, 799, 1915. 

I “The UiiliMitio& of Sludgv from Town Sewage as a Source of Fat," D. Holde, Snjensitdfr- 
St$., 4S, 1151, 1915, 
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easily removable on l¥>iling the finishoii uoolen fcooils or .«ho(My with a mhition of 
soap or wxlium carlwnate. The preaenw of hyiirocarljonx. even in anuill tpiantitlea 
ia objectionable, they ten<l to prevent the removal of the u(m)I oila (luring the 
scouring process, 

After the gcxxls are si'oured, the li(pinl is miNed with freshly slake<l Imie which 
serves to precipitate the soaiw. The cunls are settled out ami separated, tlien acid- 
ifieil with dilute sulphuric a<‘id to separate the fit'e fatty aculs, which an^ skimmed 
off and filtered to remove any dirt, 'fhe prodmt known as “fullers greaw',’* 
“ s<H*k oi ’■ or “magma oil,” is distilhal with steam, whereby the wmd oils are 
r(*coven*d. and a residue of fatty-acid pitch obtained, nmouiitmg to 10 |)er c(‘nt by 
weight of the gn*as(*; known as “ fullerVgitMso pitch, ' or “N*ek-«il pitch." 
This will vary in it^ profierlies de|>ending uiion the raw materials entering into th<‘ 
(*om|>o<ilion of the original w<M)i oils 

Treatment of Wool Grease. Wool greas<% known also as “wool wax," or 
“wcKil dcgnw " repres(‘nl.s the oily mati^rial natundly present in sheep's wisil. and 
differs entirely from the so-call«‘d “wool oil " discussisl previously. Wool grease 
is in reality an anim.d wax, as it contains no glycerin or glyc(*ndes wlmt.s<M‘V(*r 
it IS extracbnl hy Isiiling llie cut wool with an alkaline soap solution or MKtium 
carlmnate Formerly volatile solvents were ustmI for this purpose, but the imdluKl 
is no longer practiced. After I oilmg with soa|) or sishiim carlK>nat<‘, (he lirpior is 
neidified with sulphuric acid, whereupon (he gn*ase rises to the surface and is 
skimnwsl off. lX‘hydra(e(l wasil gitui.-^* melts lelweeii Kb and HW” K. and contains 
approximately 5^-00 |K*r cent fatty acid.-', alM» 40 1.') fH‘r (X‘nt higher ah-ohols (un- 
Ba{>oniriable). 

W(s)l grease is treate<l m vanons ways, and ■ n oi g others by a din-ct process of 
distillation with Hipierheated steam mthout |m-\M>iis hydndysis' (as the waxes 
present are not amenable to such (n-atnei.O when*by the following jKirtions are 
recovered: 

(DA light oil eomiKxsed iiiamb of hydroearlsms 

(2) A heavier oil wliieh on cooling .-s-parates into a li(|Uid and a ^olld portion 
'fhi'' is thereuixm e(K)le<l and filtc'r-prey^-d to si'paratc (lie olein (known as “dis- 
tilksl-grea-K'-olein ” or “ degra-s oil "), which is n.-c<l as a leather or wisil oil. from 
the stearin (known as “ degras stearin ■'). which is med m the soap industry or 
as a leather “.stuffing grease-” 'I’lie olein (Hiii.-'i.st.s of fiO jkt (tiiI free fatty acids 
and .VI iK-r cent unsaturated hydroearlsms ami iholcslerol. 'I’lie sP-arin «arncs 
7b fier cent choie-terol and .'{0 jx-r c«ii( fn-e fatty acids. 

Ct) A residue of fatly-ncMl pitch known sfSMificalh as “ wfMtbgrease- piUli." 
“w<s)l-fat pitch,’’ “wiMil pitch” or “cholesterol pilch ’ 'I’hc pitch is disim- 
gui-shed by its high ductility and susceptibility factor, the large pro|K)r(ion of 
umwixmifiable eo’i<titiients firesent and (hi- fact that it yields a dccid<*d iholesterol 
reaction (see pjige .>40). 

The yields are apfironmately H) i)er (x*nl light oil, V) (M*r cent olein, V) jx'r 
cent stearin and 10 fxir cent fatty-acid pitch. 

The reactions which take place during its dial illation are (luite complicated. 
Some of the ester* break up into free fatty acida and hydnx^arbona thus: 

C,»HiiCOOC..Hm='CuH*iCOOH+C.«H«. 

Cetyl palmitatc Palmitic Acid Cctin 

‘ I' 8 Pat 896,W) of Au« 18. 1008. to Carlelon Klim 
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Similarly the higher alcohola and cholesterol distil partly as such and also partly 
decompose into hydrocarijons." 

Physical and Chemical Properties of Fatty acid Pitches. Fatty-acid 
pitches vary considcraldy in their pliysical and chemical properties, depend¬ 
ing upon the following circumstances; 

(1) The nature of the fat or oil from which the fatty acids arc derived. 
If these contain low melting-point fatty acids, the fatty-acid pitch will Ijc 
soft in consistency, provided the distillation has not been carried too far 
(see p. 320). On the other hand if high-melting [xunt fatty acids pre¬ 
dominate, the fatty-acid pitch wil be semi-solid to solid in consistency. 

(2) The proportion of neutral fats or oils present in the fatty-acid 
mixture, which will prove to lx; the case if the process of hydrolysis is 
not carried to theoretical completion. Since the neutral fats or oils (tri¬ 
glycerides) do not distil with superheated steam, they concentrate in the 
fatty-acid pitch, and arc very apt to decompose into hydrocarbons (iin- 
saponifiable) if the distillation is carried t<x) far (sec p. 3111). If the di.s- 
tillation is stopped at a point without decomixising the neutral fats or 
oils, the value of the fatty-acid pitch is enhanced by their presence, as they 
are more stable and weather-resistant than the fatty-acids thcm.selves. 

(3) The extent to which the distillation is carried and the temix'ia- 
ture at which it is perfornaxl. If distilled too far or at too high a tem- 
pmaturo, the fatty acids decompose in the pre.scnce of steam, first into 
hydroxy acids, which in turn break down into lactides, unsaturated pnxl- 
ucts and lactones in the following manner: 


(a) n-hydroxy acids arc converted into lactides in accordance with the 
following reaction’ 




R 

R CH.|OH H|0 00 

R.CHOCO 

^CH\ 

0 CO 

1 + 1 

1 1 

or 1 1 . 

COOIH HObCHR 

CO O-CH R 

CO 0 


\CH^ 



1 

R 


(6) /)-hydroxy acids become converted into unsaturated products as 
follows: 

(« («) 

R CHj.OH.CO OH -r R.CH2:CH COOH. 

1 ^1 

l2MUl 

* DOQftth aod Msrgo«che«, Chtm. Rer. , It, 194, 1904, Chem. Ind., it, 220,1904. 
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(r) 7 and 5 hydro.xy aoids are transpo.scd into oyrlic esters of the nature 
of y and 5 laetones respeetively. in tlie followinR manner; 


and 


iy) iH) M 

R CHa (’H,. ( Ho CO 


()H 


Hit) 


(i) (r) (d) (a) 

R C'Ho.CHaCHo CHo.CO 


OH 


IliO 


(a) CHa f'O 

I > 

(dX'Ho.CHR 

iy) 

(«) 

CHo-CO 

- (d)CH..<( . 

(Tl. (H R 

(y) W 


It follows llierefore that the fatty-aeid pitches contain free fatly acids, 
th<‘ir lactones (anhydrides), nmleconiposed glycerides (neutral fats or 
eils), <()ndensation prislucls of unknown eoni|H)silion. hydrocarlsui 
deconiiMwition products; and in the ejuse of fjitly-acid pilches deriveal 
from wool greas(>, we find cholesterol and hinher alcohols.' 

Th(‘ presence of hydrocarlK)n deconi|«i.silioii iiroduets is evidenced 
largely hy the color of the pitch when examined in a thin layer, If thi'Se 
are pn-sent, the pitch will he a hlack, otherwise it will have a ri<'h hrown 
color. The ix'ieenlaKe of .sa|X)niliahle eonslitiK'iils present in (he fatty- 
acid pitch is a criterion of its (luality. 'I'he larger the |X‘rcenta({e. the 
better the (piality from the stand|K)int of weather-resistance, fatty- 
acid pitches of the optimum (piality contain not l(‘ss than iM) [xt cent of 
.saponifiable constituents. Thi-n arc a.s nralliir rexixtaiit <i.i any hitu- 
viiiioii.t siiliKldnce. The smaller the )X‘rceutane of .saponitiable constituents 
in the pitch, the le.ss weather-resistant it will prove to be. 

In recent years there has Ix'en a tendency to remove more and more 
of the .safxuiitiable iiiKreilieids from the fatty-acid pilches, in view of the 
Inch price commandi'd by the fatty acids, and also because of improvements 
effected in the distillation pnxess. The atithor has examinetl fatty-acid 


’‘‘StfBnn IVpfi," hy K DodhUi and K Straawr, <‘hrm Xtil, IT, 17KX, “ Ihi* 

i*rhcid«ing tind rhcnnKoJip Natnr vim dunki'ln |H‘pharti*«‘n HflrkitiJndim (I't von Krtihlnn, 

iind I) Hold** and J Marcutwon, Miltb konml ti-idin \Vrnn<-hniml von 

Bcrhn, 18. 147. lyW. alao Ckem Her Fril-llarflu.i, T. 2, 1WX». ” Zur rnl^'m-h»idiing (h-r 
B M Margoarhi-a. t'him Her FrU’IInrt-lnd , 11, MK. IWM; ’* KiHniinatioii of J'Mrh**"." 
hy K Donatb an<J R M Mnraoaplip'*. ('hrm Iml, tT, 220, HM)4, ■'Noilafo Ofn-r Sh-arininTht*,” 
K Donath, Chem ftrr Fell-llart-Ind, IS, 42, alao 7’h " I’ntprmirhung dcr Kolilonwaawr- 

atoffhtp und Kaffa.” D Holde, Harlin, p 2HI, 191.^; '■ Dataplion of Pi-troli'tini Pitah in Fat Iha* 
• illnhon Umduf**,*' J Marruaaon, Mm kei MBt«-naJaprUfiin*aaint, SO, JWI, l»i:f ’* Hloarln Pltrh,” 
by H Mayar. Set/^nutfdrr Z . 41. 394. 1914, ” (’h«'mi<“al Tarhnology and Analyaia of fhia, FaU 
and Wnsf*." hy Dr J I.vwkowltai’h, Ath Kdifioii. Ixnidon. !9|A. 
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pitches containing as lii)th as 98 [X‘r cent unsaponifiable constituents. 
These apptmr ulo.ssy black in color and almost opaque in a thin layer, and 
tlierefore find a ready use in the manufacture of cheap lacciuers and japans, 
not intended for exposure out of doors. 

All fatty-acid pitches are converted in a more or less injusible and 
inmlubtf mass upon exposure to the weather for a long period, or upon 
heating a short tiim^ to a temperature of 2,50 to SoO” V. in contact with air. 
'I’his is equally true whether or not unsaponifiable constituents are present, 
and makes this class of pitches es|)ecially valuable for manufacturing, 
baking japans and varnishes.' They are also converted into insoluble 
and infusible sub.slances by heating with sulphur.- Blowing with air at 
high tenqx'ratures rapidly increa.ses their fusing-point atid at the .same 
time tends to convert them into the iirsoluble modification.' 

Fatty-acid pitches contidning a large' pro|)ortion of saponifiable con¬ 
stituents show an extremely Imn susceptibility factor, in fact lower than 
any other class of bituminous materials. Conversely fatty-acid pitches 
in which the utusaponiliable constituents predominate are apt to have 
epiiti' a high susceptibility factor. 

In general, the various classes of fatty-acid pitcli arc charai'terized by 
the following |)redominating pfii/.siVid properties, a.ssuming that they 
havt' been carefully pre|)ared and neither overheated nor distilled loo 
far, viz.; 

Katty-acld pitches niaiii' trnm hint arc usually very liui-tlic with a Imv susccptilulity 
factor 

Kitty-acid pitches ma«li‘ from tallow are m-nerally hard, lacking in ductility with a 
low susceplilahly factor 

I’alm oil pitches an* hanl, lacking in ductility, with a inodcraU‘ly high hVisceptihility 
factor 

('otton-seed-foots pitch is usually soft, of iiuKleratc iluctihty having a low suscep- 
tihihty factor. 

(A)rn-oil-foots pitch is <Ur<-mthj ruhlM'ry. shows little iluctihty and luis an cteved- 
itujUj low susceptilality factor. 

Packing-house pitch is iluctile and lias a low susceptihihty factor 
Hoiie-fat pitch lacks ductility and has a imslerately high susceptihihty factor Its 
color ill a thin layer and stn*ak are hlack. 

(tarhage and .sewage pitches are dui'tile with a high susceptihihty factor Their 
color ill a tliiii layer anil streak are u-sually hlack. 

W»M)l-gn‘;usi* pitch is din‘tili> and has an e\(n*incly high susceptihihty factor. Its 
color III a thin layi'r and stn'ak an' usually hlack. 

M' S Put of Jhii 21). to Paul Iltx'rrhc, (ter Pat 217,026 of 1006 to VoKoIaanR. 

nliio Ki>g Pal 334.) of 1U06 to (’oniiuil) 

* P S PatH to t>fi90on». p 29.'), alsto Cut Pats* 77.KIO to L Baiirnhiolm and .\ JiTnandor, 
22A.0I1 to Malchow. 

*Urr. Pat. 208,378 of 8<>pt 13. 190.'). to Otto SohroibiT. 
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Fatty-ari<l pitches tn»ferruig to all t,v|>es) comply with the followinu charac- 
teristics: 
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TABI-K XXVIII—CHARACTERISTICS OF 


No. 

Tc>8t. 

From Lard. 


. Phvfif.al Character\/>tif»: 




2a 

HomoKi’ni'ity to oyo at 77® F . 

Ilomog 

Homog 

Homog 

zt- 

HotnngciK'ity «inl«T mirroscopc. . , 

ilomog 
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Lumpy 

» 
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4 

Frrtctiirp 




5 
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6 
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7 
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0 97 J 
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9r 
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Qd 
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0 
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30 
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SK 

27 

11 
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14 

.•>‘1 

70 

m 
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74 

.S.I 

Hi 
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0 0 



33 

Paraffine 

n n 

n n 

0 0 

3» 

; Hulphonation residue 

0 0 

n 3 

0 0 
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TYPICAL FATTY-ACID PITCHES 
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According to Marciuwon ‘ the saponification value of fatty-acid pitches never 
nms l)elow 33, and in the majority of cases exceeils 100, whereas the sa{)onification 
value of petroleum asphalts does not excee<l 21. A. H. Lukens* reports that the 
saponification value of fatty-acid pit<*hea ranges from 45 to 100, and in the ca.se of 
petroleum asphalts from 5 to 18. 

Fatty-a<dd pitches are also distinguished from asphalts by the small j>ercentage 
of sulphonation residue, an<l the alMwnce of sulphur. 

According to Donath and Margosohes (loc. cit.) wool-grease pitch may l)e 
identified by boiling the mu^rial with alcoholic potash, and then filtering the hot 
liquid. A fairly abundant precipitate will form in the filtrate on cooling, which 
will give the cholesterol reaction. (Test 43.) 

The author h:ia found the lineal coefficient of expansion of fatty-acid pitches for 
1® K. (length = 1) to average 0.(X)023. 

Fatty-acid pitches flux satisfactorily with mineral waxes, native and pyrt^enous 
asphalts, tars and pitches. They also flux satisfactorily with gikmite an<l glance 
pitch, but Tujt with grahamite. 

The following figures indicate that the hardening (toughening) of fatty-acid 
pitches on cxiwsure to the weather is due to oiidalMn. A sample of .soft fatty-acid 
pitch (the first in Table XXVIII) wm melted and poure<l into a shallow glass 
dish, forming a layer exactiy I millimeter thick. This wjw exposed out of doors 
ior one year in a dust-free receptacle protected from the direct action of the weather, 
and the following increases in weight noted: 

After I month gained 0 fi2% After 7 months gained 4 20^ 


2 

2.52% 

8 

4 27% 

3 

3 27% 

9 

4 ,'«)% 

4 

3.60% 

10 

4 ••W'X 

6 

3.80% 

n 

4 42% 

6 

4 12 % 

12 

4 46% 


The original pitch was soft and semi-liquid, but after exposure for one year it 
hardened to a tough, leathery mass. The original fusing-point was 441° !'• (K. 
and S. method), and at the end of the year 185® F. 


BONE TAB AND BONE-TAR PITCH 

In the production of bone tar and bone-tar pitch the crude bones are 
first steeped in a 1 per cent solution of brine for three to four days, to 
separate the fibrous matter. They are then degreased by one of the 
following methods: 

(1) Boiling the bones with water in open vessels; 

(2) Boiling with water in closed tanks under a pressure of 10 lb.; 

(3) Extracting the bones with n solvent (usually a petroleum distillate 
boiling at 100° (.\) and removing the last traces of solvent from the bones 

I The ComposUioQ end Examination of Eoiidura Obtained from Fat Distillation," Z anofir 
Ch$m., ti. 1207, 1911. 

Distinsuishinx between Petroleum Residuums and the Various Fat Pilches," TAc ChtmtH’ 
Amdyst. to, 3, 1917. 



KAri'Y-AClD PITCH, BONE TAR AND BONE-TAR PnVH 337 


by blowing in live steam. The degreased Isnies are then treated to extrnet 
the glue by again .subjeeting the Ixines to the action of live steam for a 
lengthy period under a pressure of 15 to 20 lb. in an upright cylindrical 
Iwiler with a false liottom. The glue gradually leaches from the Ixmes, the 
quantity extracted depending upon the duration of the treatment. When 
it is desired to convert the Ixnics into “ bone charcoal ’’ (nsetl for the puri¬ 
fication of petroleum distillates and paraffine wax, as descrilx'd on p. HOH), 
only one-half of the gelatinous matter is extracted from the degreased bones, 
whereupon the water is drained off and the tones allowed to air-dry. They 
are then distilled destructively in horizontal cast-iron retorts, the distillate 
toing cotidensed, and the permanent gases consumed under the retort. 
'Phe d'stillate consists of an alkaline aqueous litiuor containing ainmoiiiacal 
todies, and a tarry layer known as “ bone tar,” “ lx)ne oil ” or “ Dipjx'l oil." 
The residue remaining in the retort, known as “ bone charcoal ” or " animal 
charcoal ” is removed while still hot, and transferred to an air-tight vessel 
in which it is allowed to cool. It is then pa.s.scd through grinding mills 
and sieved. The tone charcoal is com|x)st‘d of approximately It) jxt I'enl 
of carton, 75 per cent of calcium phosphate, the balance eonsisting of 
various other mineral ingredients and moisture. 

The following yields are obtained: 

Noil-oolidpliHublp gUMPri 

A(|UPuiifl hgiior 
Honp-tar 
Don** chiirodHl 

Tout 

The tone tar floating on the surface of the a(|ueous liquor is drawn off. 
It consists of fatty sul)stanc(“s derived from the fat which escaixxl ex¬ 
traction from the lx>nes, also derivatives of pyridine po.ssessing a nntst 
disagrw'able and penetrating odor, and incidentally serving to distinguish 
it from all other tars. The characteristics of lM)nc tar are im'luded in 
Table XXXV, page 4K2, 

The aqueous liquor is distilled, and the ilistillate eaught in sulphuric acid to 
recover the ammonium compounds as ainmoiimm sulphate. The residue is used ns 

a fertilizer. . • i. 

The lx)ne tar is subjected to fractional di.siillation to recover the Iwne-tar pitch, 
the properties of which are also emlKxIicd in 'luble XXX\, pane 482. 

Bone-tar pitch is intermediate in its ph.vsieal properties lietween asphalts and the 
fatty-acid pitches. It is moderately susccptil.le to temperature changes, and on a 
par with higher grades of residuid asphalts anil inferior grades of fatty-acid pitches 
in its weather-resisting properties. 

It is produced in comparatively small quantities and cannot therefore be regarded 
os a commercial product. 


10 15% 
10 \r>% 

25 10 ';, 
■'»5 c»o':; 



PART IV 

MANUFACTURED PRODUC'TS AND THEIR USES 


CHAITIOR XXIII 
METHODS OF BLENDING 

Onk of the most iin|X)rtaiit quostiotis vvliicli confronts the bitunicnolo- 
gist is that of hlondiug the various suhstanccs at his (lis|X)sal, to produce 
mixtures Ix'st adapted for the six'cial pur|X)ses foi' whicli they arc intended. 
Tins r('(|uires an intimate knowledge of the nature ami Ixhavior of the 
various materials, and can otdy Ix' thoroughly accjuiirxl hy years of experi¬ 
ence. Two shipments of any given uiemlx’r of the hituminous family are 
likely to fluctuate widely in their physical pro|X'rties ami com|xisition, 
even when procured from the identical source. .\ native hituminous 
substance emanating from tlu^ mine d('|x)sit will vary, d('|X'nding u|X)n the 
degm! of ex|K)sur(‘ and amount of metariiorphosis. It has been shown 
that all native bituminous materials ar<' in a constant stale of transition, 
deptuiding uix)n their age and environment. Scarcely any two de|X)sil.s 
of native asphalt an' aliki' in their pro|X'rlie.s or chemical composition. 
The same applies to ix'troleum, which varies in different hwalities and very 
often in wells side by si(h' in the Siune field. 

The pyrogenous bituminous materials also show a marked variation 
in their properties, de|X'nding u[Min the raw materials u.sed in their pro¬ 
duction and the exact conditions to which they have Ix-en ,subjected in 
their process of manufacture, including the tem|X‘rature, length of tnait- 
ment, etc. 

Hituminous materials should not themfon' Ix' compansl to vegetable 
and animal fats or oils, which in the case of any one material runs fairly 
uniform in composition and physical proix'rties. 

The consistency of the available raw bituminous materials is either 
fixed and definite, or it is controllable. All native bituminous sutetances 
have a predetermined consistency—in other words they arc endowed by 
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nature with certain fixed and definite physical properties, and over which 
man has no control. On the other hand, the consistency of pyroRcnous 
hituininous substances, with three exc('ptions (i.e., wax tailiiiRs, tars and 
rosin pitch), is largely controllable, and depeinls n(xin tlie treatment to 
wliich they are subjceti'd in the course of their prcHhiction. In thetnajority 
of pyn)genous substances, it is a comparatively easy matter to alter their 
consistency at will, by regulating the duration of the proce.ss, its tem[xTa- 
ture, or some other condition. In the three exceptions noted, the con¬ 
sistency is predetermined, and has no definite bearing n|X)n th(‘ variable 
functions of the proce.ss. 

Table XXIX will serve to give a general ich'a whi'ther the hardness and 
fusibility of the various bituminous substances are definite or controllable, 
whether the snb.stances are naturally soft, medium or hard at room Icm- 
IK'iature; also their approximate' comparative volatility, weather-proof 
proiterties, and efficiency in fluxing. 

In interpreting 'I’nble .\.\t.\, it should lie iloliiietl.v iinte.l tli.it the “ lhiriliie.-.s 
at I{( 1 CI 111 Tellipentllre,’ "Volatility," "Weatherproof |-ro|»'lties " ali.l " Klhcieilev 
111 l•■hlxlng " are liste l in a ,sen-e, and niii-t not then-fore Ik- reganle.l 

as a deliiiite exposition of the eharaetcrislies of any .010;/. ... ttithoiit taking 

into eolisideratlon the others eited 

In addition to the t.itiiiiiinous ... then- are liiehided three gioii|is of 11011- 

hiliiiiiinoiis ,KiihstaiH-e.s (-oniiiioiily used tor purposes of hleiidiiig; vo., 10-111, aiiiuial 
and vegetable oils and fat,-, and «ool gn-a-i- 

In preparing mixtures of bitnniinons malerials, the following |«iints 

should Ik- liorne in mind: • . 

(I) Hituininous materials which give the iliazo ii-aclion (test -It), 
(containing phenols), should not Ik- mixed with bituminous substances n.it 
giving this reaction. In other words, mil ive a-sphall.s, asphaltiles and pyro- 
genous asphalts should not Ik- blenilcd with tars or pilcht-s (exceptiiig 
fatty-acid pitch), since it has Ik-i-ii found by .■xiK-rieiict- that sin-li mixtures, 
although they may melt togi-ther iH-rft-clly, art- not tlurablt- or weather- 

’’"’*(2) Native and pyrngenons waxt-s will not remain iK-rmnnently blendetl 
with other tiituminous materials, but will crystallize at low tcmix-raturcs, 
gradually seimrating from soliti mixfiirt-s on standing. I his manifests 
itself by the wax “ sweating " from the surface. In certain cast-s this 
feature is desirable, since tin- admixture of a small iKtreentage of wax 
imparts wax-like propt-rties to the entire comiaxsition (stK- [i. Mi)- 

(3) (Irahamite does not flux with native or pyrogenous waxes, 
residual oHs derived from noii-asphaltie iK-trolcum, fatty-acid pitch or 
wool grease. 



340 ASPHALTS AND ALLIED SUBSTANCES 



• Consistomrter hardoens at 77* F. t Excepting grahamite. 












xixx aiavx 


MBTHODS OF BLENDINO 


341 


gs 

'S-0 

^ 5 




H 

•0-g 

s S' 

CQ 


I 

■ H 

J2| I 

?!Lv 

“ •^S'l ^ I 



i 


i i 


i 


i 1 

1 s 

4 M 

2 » 

i 

0 

£•3 

9 X 

1 

M 

2 

IP|- 

"5 

!• _ » 

^ K 

4 

.a j *£ J 


«) “S 

s -f 


=ll I s -f 


|| 11 |i|iiii 


11 'It s -i . ! » 

en-< (cSttAKS 



oocoococcooooo 


axxx 

2 2 2 2^ 0 0 0 2 «>'> 


SSSgSit gisit SSSs'si* 
S'. z:? S'. it it is z 


= S 1 I' .»! 
* 

OS'S-at 

mil 

Sssisl 

M *i3*c * 


uou 

coooo;;coc 2 2 2000 

U.U.b, 


C 

o £ 

u. 


^y, y. >;y ^y ^y. 

:o2^2 22 X 52 /.c 2 




cc^Xk^Xv. ^Xa. T^X'/zT'X X w x 


*3 

X 


a 

& 

•§ 

K 


£’ ‘S 

s 


^ 11 

llll 


I ? 


U 0 o o 


2 

'& 


I 

E 

I 


■5 

! 

I 


£ 0 Q 


O 

2 • 
z ■ 

g: 

X : 

ii 









342 


ASPHALTS AND ALLIED SUBSTANCES 


(4) If the bituminous material contains a percentage of “non~minetal 
matter insoluble in carimn disulphide ” (“free earlm the act of flux¬ 
ing with other hituminnus sul)stan(‘es, rosin, animal or vegetable oils and 
fats will only dilute this ingredient, without eliniinating it. The cal¬ 
culated proportion will still l>e present in tlie mixture. 

(5) The percentasc of earlx!ne.s may be redueed by fluxing or blending, 
as the carbenes themselves are fluxed by other bituminous substances, 
rosin, animal or vegetable oils and fats. 

(6) The thoroughness with which bituminous materials blend, may be 
ascertained by finding the fusing-point of the components, and comparing 
the calculated fusing-point of the mixture with its actual fusing-point. 

If the actual fusing-point is equal to, or greater than the calculated fusing- 
point, then the blending has been thorough. On the other hand, if the 
actual fusing-point is le.ss than the calculated fu.sing-point, then the com¬ 
ponents do not amalgamate thoroughly. 

(7) The microscopic test may also t)c used to good advantage to ascer¬ 
tain the thoroughness with which the components blend. A separation 
of particles in the mixture is evidence that perfect amalgamation does 
not occur. 

Where the hardness and fasibility of the bituminous substance are 
“ controllable,” it is often a simple matter to continue the distillation, 
blowing, tleiwlymerization (in the case of wurtzilite asphalt), etc., until 
a product is obtained having the desired physical characteristics. Where 
conditions permit, it is more convenient and economical to turn out a prod¬ 
uct of exaclli/ the proper grade, than to flnx or harden it afterwards. It 
is accordingly customary to market residual asphalts of exactly the. right 
hardness and fusing-point for paving pur|)o.ses, etc. RIown asphalts are 
sinularly marketed in various grades, having different fusing-points (and 
hardnesses), so that the manufacturer may pick out one Wst adapted 
to his particular purix).se. Coal-tar is likewise distilled to a predetermined 
extent to obtain pitches suitable for use as such in connection with water¬ 
proofing, roofing work, road purposes or briquette making, whichever 
the case may lie. 

Binary Mixtures. It is not always possible to use a single bituminous 
material, since it is sometimes found that the exact characterLstics required 
are lacking, and can only be obtained by blending together two or more 
substances in suitable proportions. The simplest mixtures, containing 
two constituents, are known as “ binary mixtures.” In this case it is a 
comparatively simple matter to predict what the characteristics of the 
finished product will be. 

The purpose of preparing a mixture is to soften the sul)stance and lower 
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its fusing-point, to harden the substance ami raise its fusing-point to render 
the mixture less susceptible to temperature changes, effect a more perfect 
union or blending of the constituents, improve its weatherproof properties, 
increase the tensile strength, render the mixture wax-like, or unctuous to 
the feet, lessen the tendency towards stickiness, etc. 

Softening the Snhtance and Lomring ite Fuoing-imnt. This piww is onlinarily 
known as fluxing. t\ hen the hituminous muterinl as it oreurs nstnnilly or rc.sn)|ji 
from u miinufacturing process is too hard in TOnsiatcncy or fuses at too high a tem¬ 
perature, it is customary to mix it witli a softer sulwtance. termed a “ flux," to im|iart 
the necessary eharacteristies. The fluxes may l>e ehuisified in three groups ns followa: 


GKf.UF J 

For SofttMiinn ARphaltif 
Matoriah and Aspiiallilos 


8(dt native asphalt 
lloNidiial Oils. 

8oft hliiH ii asphnlt. 
Soft residual asphalt. 
Bolt sludse asphalt. 


(•RIMI> 11 

For KoftPiiin* Pilrln-H 


Mi'dium wwHl-tar pilch 
Medium and ligniti>>tnr 

pUchoB 

.Medium wafi-r-Kas-lnr pitch 
Medium lul-itas'tar fiitrb 
.Mcditiiii <-<iiil-tHr pitch 
Mctliiim iioiic-tHr pitch 


(Jlioi r III. 

rscrl Indwriniiiiatcly for 
Sofititinx AsjdialtiR Maicri* 
nls, AKphMl(iti*M and I'itchea. 

Wai tnilings. 

8i>ft and nmdiiim falty-ackl 
pitches.* 

.Annual and vegt^tal.lo oiU and 
fata 

Wool grcBBC.* 


* .Nut Builulili- fur (luxiRK t-'ruhaiiiitc 


The fluxes listed in <irou(> 11 .should not Ik> used for KofteninK ARphaltir ninfe- 
rials and a.sph:iUitos, or those in Group 1 for HofUuiiiiK pitches (exeoptiiiK rosin- nnd 
fatty-aoid pitches), for reasons already explained The lluxt's listed in (iroitp III 
will answer sati-ifartorily for sofU'ning osphidfio prtKlucts, nsphultitcs and pitthes, 
without injuring their weathcr‘re.sisting qualities. 

Of Group 1 fluxes: residual oils, soft litown asphalt nnd soft residual asphalt 
arc ordtnanly used, on account of their weather-resisting projMTties, their effi¬ 
ciency in fluxing, the absence of volatile constituents and their eoni|mrative chen|>- 
ness. 

Of Group II fluxes: water-gaa-bir pitch and oil-gas-tar pitch are ordinarily used 
for preparing " cut-back ” coal-tar pitches for use as dust-laying oils, road surfao- 
ings, ete., as previously explaini^l (p. 251). 

Of Group III fluxes: animal and vegetable oils or fat« arc moH generally em¬ 
ployed, owing to their abundance and uniformity. 1'hey are only umhI in ttpecuA 
cases (e.g. manufacturing certain bituminous }>ainta, vamkhes and japans, rubfs>r 
substitutes, coating compositions for high-grade prepared loofliigs, etc.), in view 
of their comparatively high price, although they are without question the fluxes 
par exceUence for bituminotu materials. 

Hardening the Substance and Rictng its Funn^-jxnnt. Where the bituminous sub¬ 
stance is too soft for the purpose intended, it is customary to harden it by adding one 
or more of the following materials: 
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Qwer I. 

For Hordening Aiphaitic 
MftMriftU. 

Onoor n. 

For Hardening Pitches. 

Gbou? III. 

May be Used Indiscriminately 
for Hardening Asphaltic 
Materials or Pitches. 

Hard Dative upbalt. 

Hard wood>iar pitch. 

Hosin pitch. 

Aapbaltites. 

Hard peat^and lignite-tar pitches. 

Rosin. 

Hard reakiual asphalt. 

Hard wat«r>gaa-tar pitch. 

Hard fatty-acid pitch. 

Hard sludge aaphalt. 

Hard oil-gas-tar pitch. 

I'iUcrs 

Hard wurtiilite asphalt. 

Hard coal-tar pitch. 

Hard bonc-tar pitch. 

Riowiiig with air. 

Combining with sulphur. 


Of Group I hiirdeners, hard native asphalts, hard residual asphalts and asphal- 
tites are most frequently used; and similarly of the Group II and Group III 
hardeners, hard eoal-tar pitch and fillers resiKctively, are most generally emiiloyed. 
The fillers may Iw of vegetable or mineral origin, and will lie discussed in greater 
detail later. (See p. 393.) It is not customary to harden bituminous mix¬ 
tures by blowing with air after they are once pre|»rc<l, although this procedure 
would increase the hardness and particularly the fusing-[x)int. All bituminous sul>- 
stances may be hardened by heating with a small percentage of sulphur (see p. 
294) after the manner of vulcanization in the rublwr industry. This is only u.scd 
to a limited extent, owing to the difficulty of controlling the degree of hardening, 
also because of the fact that it tends to reduce the ductility of the product. 

Rendering the Miiture Lese Sueceptibk to Tcmitmtim Changes. It is difficult 
to lay down any definite rules in this connection. In general, it may lie staled that 
the suitable addition of the following substances will tend to make mixtures more 
resistant to temperature changes, viz.: 

Aiphaltitca Wiirtiilite aaplialt. Animal or veKotnItto oils and fata. 

Blown aaphalt. Fatty-acid pitch. Killcra (mineral and vcxetnhle) 

The first three, of course, should only lie used in connection with asphaltic mix¬ 
tures, whereas the last three are applicable cither to asphaltic mixtures or pitches. 
Animal or vegetable oils and fats which have liccn thickened or “ lioilcd ’’ by heat¬ 
ing to a high temperature until they polymerize, are more efficient in this respect 
than oils or fats in their crude state. The effect of mineral fillets is shown in 
Table XXX (p. 346). 

Effecting a More Perfect Union or Blending of the Cnnstitnents. At times the com¬ 
ponents of a bituminous mixture do not amalgamate thoroughly. This is detected 
by a lack of homogeneity (Test 2), i.e., by distributing the surfatai and observing 
whether it becomes duller, or else by drawing out a itellct into a thin thread, and 
noting whether any dulling occurs. Certain fluxes when combined with the mixture, 
often in a small proportion, serve to overcome this tendency, and result in a more 
complete amalgamation of the components. Such fluxes in the approximate order of 
their efficiency are as follows; 

BosId. Animal or vcftetable oils nod fnti. 

RooId pltoh. Won tnilinzn. 

It will be underatood that these fluxes do not influence the percentage of non¬ 
mineral matter insoluble in carbon disulphide (free carbon), or any dullness due to 
this constituent. 
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Making the Mixture More Weatherproof. Thu is anothar question whioh ow 
not be decided by any hard and fixed rules, as it depends iainely upoii whet 
materials are present in the mixture, and how badly it may lack weatherproof 
qualities. There may be cases where the bituminous substance is so deficient in 
weatherproof properties that it would be impracticable to attempt improving it, on 
account of the extremely large proportion of material which would have to be 
added to overcome this defect. In general, it may be stated that the addition 
of the following products tends to overcome the non-wcatheiproof properties of 
bituminous mixtures: 


Groc>p !. 

For Augmenting the Weatherproof Properties 
of Asphaltic Materials Only. 

Group 11. 

For Augroeoting tho Weatherproof Properties 
of Pitobes as Well as AsphsJUo Materials 

Asphaltites. 

Animal or vegetable oils and fats. 

Certain native asphalts. 

Wool grease. 

Certain ivsidual oils. 

Fillers (mineral enty). 

Blown asphalt. 


Wurttilite asphalt. 


Certain fatty-acid pitches. 


Of the products included in Group I, 

the asphaltites, wurtzilite asphalt and 


certain fatty acid pitches (of the s^iponihable type) will most effectively improve 
the weather-resisting properties of the mixture, due to the fact that these mate¬ 
rials of themselves are highly weatherproof. Among the asphaltitcs, gmhamite is 
most weather-resisting, gilsonite and glance pitch ranging next in efficiency and 
being about equal in this respect. Wurtzilito asphalt is extremely weatherproof, 
and the same also applies to the saponihablo varieties of fatty-acid pitch Only 
certain native asphalts and residual oils are includwi in this category, for it is 
impossible to lay down any definite rules to diiTeiiintiate between the non-weuther- 
proof and weatherproof varieties, since this can only l)c determined as the result 
of experience or by an actual exposure test. The physical and chemical tests fail 
to determine definitely whether a native a.sphult or residual oil wiM display the 
optimum weather-resistance in actual service. Certain tests (e g, latgo percentages 
of volatile matter and non-mineral constituents insoluble in carbon disulphide), 
may definitely pronounce the material to Ik* non-wcatberproo(, but if these, by 
chance, prove negative, the court of final appeal is an aduiU exposure test under 
service conditions. 

Both fiuxes enumerated under Grotip 11 are equally efficient from the stand¬ 
point of weather-resistance, although the first named is superior in its fluxing 
properties. Mineral fillers when added in a finely divided state, or in the form of 
graded particles proportioned to show the minimum percentage of voitls (p. 363) 
tend to improve the weather-resistance of all bituminous substances. Those fillers 
which are impermeable to light are most efficient in this respect (p. 393). Tlw 
same rules apply in this connection, as with mineral pigments in linseed oU paints. * 

Increasing the Tensile Strength of BUuminoue Mixtures. For some purposes 
it is important that a bituminous mixture shall have the maximum tensile strength, 

‘ “ Physieal Cbarseterifties of a Psiot CotUof,” br R- 6' P«rrv* Am. last, of AreUtoeu. Miohl- 
fan Chftptor, Jua. 4. 1907. 
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to enable it to withetand the stresses and strains to which it may be subjected 
in usage. TTiis ie of special importance in the case of certain forms of bituminous 
pavements. Two general methods are used for the purpose, viz.: 

(1) Incorporating mineral fillers. 

(2) Increasing the hardness, by blending with harder bituminous substances 
(p. 343). 

The 'effect of mineral fillers on the physical characteristics is illustrated m the 
following figures, based on the mixtures of a straight-run residual Mexican asphalt 
with 0, 15, 30, 45 end 60 per cent of precipitated calcium carbon,ate. 


’r.ani.i-: xx.x 


Soft rcM<luiil asphalt i 



7iy,c 

.55'; 

40'; 

Precipitated calcium carbonate j 

(K'o 

15',;. 

30';, 

4.5*:; 

90'r 

(Test Dc) Consistency at ll.'i® F, | 

0 0 

0 0 

0 0 

.1 I 


CunsiHteiicy at 77® F 

3 1 

4 0 

' 9 .’) 

13 9 1 


CoiiBWteucy at X2® F 

IS 4 

22 2 

21 1 

30 4 1 


(Tent 9d) Husceptibihty factor 

19 S 

22 (•) 

19 5 

14 .5 ; 


(Test 106) DiicUlity at U.*)® F 

14 

13 

10 

•' : 


Ductility at 77® K 

4() 

31 

13 

0 9 


Diichlity at X2® F 

2 7 

2 0 

0 S 

0 .5 


(Test 11) Tciimle ntrenKth at 115“ F 

0 <1 

0 0 

0 0 

0 .1 


Teiinile atretiKtIi at 77® F 

0 4 

1 1 

1 7 

2 4 


Tensile striuixtli nt X2® F 

.) 5 

7 .) ; 

9 ') 

13 0 , 


(Test l&a) FiiNiiiK'poini (K hikI S rnetlioil) 

‘13® K 

9M® F 1 

109® F 

193® F 


(Test 156) FusuiK-poiiit (H. ami 11 nietlMxl) 

110° K 

11.’® F 

I'Jl® F 

IKS® I- 


Medium residual asphalt 

llHC; 

s.’i'; 

7u‘; ; 



Precipitated calcium curbomae 

O'; 

1.)', 


; 

90', 

(Test 9c) Consistency nt 11.’)® F 

2 1 

2 7 


13 U 

17 1 

Consistency nl 77* F 

10 0 

12 1 

17 9.5 



Consislenev at 112® F. 

17 3 

■’ll 9 

.54 .1 

99 9 

90 1 

(Test Od) Susceptibility factor 

3.S 2 

39 7 

3.5 9 

2S 0 


(Teat 106) Ductility at ll.i® 1" 

27 

22 

n 1 

0 S 


Ductility nt 77® F 

1 3S 

13 

1 1 

0 2.5 

, 

Ductility nt 32* K 

0 0 

0 2 

0 1 

0 0 

. 

(Test ll) Toosdo steuiKth nt 11.5® F 

0 0 

0 2 

0 s 

1 .H 

, 

Tensile stnuiKth nt 77° F 

t 0 

2 2 

4 3 


, 

Tensile slnmitth nt .12° F. 

9 0 

11 U 

20 5 

27 2 

. 

(Teat 15<i) Fusing-point (K. and S inethcxh 

ns“ r 

124® F. 

[ 13,’)® F : 

MKl® F 

J,. 

(Teat 156) Fusing-pomt (IF nml II mi'tliod) 

1 Mil''' F 

1 I.’® F : 

!i.’).S®F ' 

219® F 

299® F 


* Does noi Hum whi*n liontcil 


It will l)c noted that the fuain|?-|K)int, himlnoss, and t^'nsilp stroiiRth inoroaso, 
whereas the susceptibility factor and ductility decroaso in proportion to the fniantity 
of filler added. When the iiercontaKc of filler is siilficient to de.stroy the flindifv of 
the mixture, ns in the case of the surface course of sheet a.sphalt pavcini’iits 
(where the filler exceeds 80 |)cr cent by weight), the physical proi)erties of the nu\- 
ture depend Ian<ely upon the pressure to which the miuss has l>oeu subjected. 
The greater the compre-ssion, the greater will Iw the hnrdnow, tensile stnuigth and 
density. 

The tensile strength of a soft bituminous mixture increases to a certain fKiint 
upon being blended with hanler bituininous .siilxstanccs, but these have a ton- 
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denry to reduce the strength, when the mixture reaches the hard and brittle stage 

(soc 'I'ldtlc XXV I, p. 300). 

tendering WaiMke, Vnetuous to the Feel, or Leeneniug Ote Ttfuifticy Unmnle 
Stickiness. For certain pur|K)sos, it is desimble to impart the fon^oing ivoi)prtiP« 
Jo luturninous mixtures, esj>ecially in manufacturing in.sulating eoiujamnds. r«l>lH*r 
sutfrtitules. <*oating compositions for jiapers, etc. Tlie addition of a smidl |)eN 
centage of the following waxes (usually less than 10-15 i)or cent) wi!rser\*e to 
act‘oniph''h this result: 

Oiokvrito Montftti wni r\roit«'nou* *»jm 

These will not ainiilganmie iiemianeiilly with hitiiniiiioUH materiala, hut will 
work their way to the surface in time, foriiiinK a thin waxy film which will iinalify 
the eharacleristics of the mixture, imparting (X'rtam of the physical pro|K'rlies of 
waxcx. Ill the ease of o/iokerite ami |iyrogeiious waxes only a small ilerceiihigo 
should he added, ollienvise the separalion will lie siiHieienlly great to destroy tlie 
integrity of the mixture. Montan wax iiiav lie added in large (pinnlities, as il mil- 
stitiitos a ladter flux and shows hut a slighi tendency towards si'paration 


Tertiary and Complex Mixtures. In tlie ease of liinary niixliires, the 
eliarueleristies of tlie lilonded ))io(liiel may lie iiiedieKai willi a rea.sonulile 
decree of eeitainty, Iml wdli lerlitiiy or (|iialeniary niixlun's tliia is . 
extremely diffietill, and in many ea.ses im|sissilvle to do, even liy one 
liiglily skilled in the art. We must hear in mind llial llie native asplialls. 
for example, oeetir in Imndreds of varieties, eaeli differiiiK in eertam 
resiMMds from llie otliers, or as one antliorily on llii' sidijeel aplly expri>sses 
It' " No two d(T>osils of native aspliall or pelroleiim on llie faee of llie 
eartli are exaetiv alike.” .'Similarly, l.lowii asplialls, residual asplialls. 
eoal-tar pitelies, ete., are prodneed in Imndreds of forms, de|)endinK n|)on 
tlie nature of tlie crude materials, tlie Ku.iperatnre to wliieli they have Ihiui 

sidijeeted, the lengfli of blowing, the duration of ..islillulion process, 

and manv other faetor.s. Tins,' msiill in the proilnelion of a whole «.nes 
of products from anv particular raw material, varjiiig in fti.sibihly l.aril- 
nes.s atid other pliviieal a.id eli,.mieal ehara.derislies, S.m'e earl, class 
of raw material is available in Imndreds of varieties, it will is- appatyint 
that the n,..nlK-r of possible eomhinations in tertiary n.ixtt.res ts nd.mto 
In color matching, a give.i shade may Is. prtKltieed tt. a doz.m .hITerent 
wavs, each starting with totally .lilTerent colors, and s.nnlarly a give., 
hitiiminons snhslanet may Ik. exactly .Inplieated in phys.ea eltaraeten^ 
ties (i.e., fu.sing-|)oint, har.lness, dnetility, tensile strength, volatility etc.) 
by tmmerotis mixtures, eaeh containing <liffere,U eomliinations of ihjfncni 

materials. . , , • i .t o 

The only way to match a given bituminous substance is by llie (ut 

and trv method.” This applies with more force when it comes to tertiary 
and complex mixtures. To exactly duplicate a complex bituminoua 
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mixture is one of the most difficult and at tlie same time one of tlie most 
facinating problems in bituminology. At the present stage of the science, 
a chemical analysis of the material to lx> duplicated will tell nothing. It 
is only an intimate knowledge of the physical properties of the available 
bituminous raw materials, and an inference of their l)ehavior in combina¬ 
tions, that will assist the expert in .synthesizing a mixture having substan¬ 
tially the same properties as the one to be duplicated. 

The problem is made still more complicated by the fact that although 
we may apparently succeed in duplicating the physical properties of a 
given bituminous mixture, yet there is no way of telling other than from 
an actual s(?rvice test whether or not it will Ixdiave the same on aging or 
upon exposure to the elements. No “ accelerated ” test is known by which 
this may be accurately predetermined. 

Classes of Bituminous Mixtures. Bituiniuous sultstances jmd their mixtures 
limy be roughly diviiicil into three general cius.ses, characterized by lieing " soft," 
" ineilitim" and “ hard ” at room teinpcratiire. The following table will show 
which of the commercial products belong to the re.siieetivc classes: 

So/t {hquiti) Bitumimut Products' 

DiiRt'laying oiln. 

Hindvrn fur romi mirfacingn. 

Impregnation for wootlen paving hlooks, railroad etc 
Tara and oilM for tho flotation procettfi 

Saturating compoiiiulB for prepared roohiig, flooring, wnterproofmg, shenthing and insulating 
pBporx, electrical uiButadiig tape, etc. 

Waterproofing compounds for rortlaml-eeiiiont inoriiir and coiicrefe 
Medium (urmi-fiffuiti to senn-solul) liitumtnous I’rotluili 

Hinders for bituminous surfaeings,lututiunouH iiiHCfuliiiii arid lutununouH concrete pniemeiits 
Asphaltic cemeiit for sheet asphalt pavemeiitH. UHp)i:ilt-bloek pavemenis and us]>haU mastic 
fiHit-pnvetuenla and floors 
Fillers for wood, brick uml stone pavements 
Hituminuiis expaiisum joints. 

Coatings for pr«*parod roofing, flooring, waterjiroofing. slu^uthirg ned insulating paper.s 
Atlhesivp roinpouiuls for built-up roofing and watiTproofiiig work, bases of plastic eonipoundfl 
for repairing roofs, etc 
Pipe-dips and pipe-sealing compounds 
Filectrical insulating coiupotinda. 

Rubber substitutes and fillers. 

Moulding eompounds. 

Bases of bituminous paints and cements 
Hard (aoftd) Btfumtnous Products. 

Certain forma of electrical insulating coiitpounds. 

Moulding conipountls. 

Binders for brniuettes. 

Certain forms of pipe dips 

Bases of varnishes, enamels, japans and certain bituminous paints. 


Processes of Blending Bituminous Substances. The types of apparatus 
for this purpose fall into two groups, viz.: 

(1) Open vessels of semi-cylindrical or rectangular form, os dcscril)cd 
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for dehydrating semi-solid and solid native bituminous substances (Chap¬ 
ter VI). 

(2) Closed horizontal cylindrical vessels provide<l with an agitator 
in the form of a horizontal shaft carrying shorl stout blades or padilles 
u.sually set at an atigle. This type is mounted on a masonry foumlaUon 
over a solid or perforatwl fire-brick arch, and the luaiting effecte<l by burn¬ 
ing coal or. gas underneath it. The vessel is provided with a manhole 
a( (he top, through which the bituminous substances are charged, and 
closed with a cap during the melting process to keep otit air and lux'va'nt 
the vapors from igniting. 

The first tyi)e is used where the bituminous substance is heateii lielow 
the flasli-[)oint of the con.stituetit (iiusliing at the lowest temperature, and 
the st'eond where it is neces.sary or desirable' to heat (he mass alxrve th<‘ 
Ha.sh-i)oint. Since the ma.ss can siifely lx‘ heated in (he second (y|)e to 
higher tem|H‘ratui'es and agitated at a greater s)XH'd without danger of (he 
melted mixture spla.shing out of (he ves.'-el, it follows (hat with its us<' the 
pijicess of amalgamation will take place more rapidly. 

'I'he dehydrated bituminous sub.stances are inttwluced into (he melting- 
tank, pi’eferably in (he melted condition, either by gravity or by means of 
pumps. Where this is not practical, as with high fnsing-)K)in( pnalucts, 
.siK'h as the asphaltites or native a.'-phalts containing a large |X'reen(age of 
mineral tnatter, they may be added I'old in the solid .state, but in (his cas(' 
it takes longer to melt up the charge. 

'I’he higher the temiM'rature to which the materials are heated, the 
more rapully will the combinatinii take place. It is not neces.sary, or 
in fact desirable to rai.se the heat to the fusing-point of the ingredients 
melting at (he highest teni|s'ratnre, as tlii'M' will la* dissolvisi by the con¬ 
stituents fusing at lower lemix'ialiires, due to their inherent mlmit 
aetion combined with mechanieal agitation. Thus, a grahamite fusing 
at ■').')() to E. (K. and .‘s, method) will readily combine with mixed- 
ba.se or asphaltie residual oils brought to a tem|H‘ra(ure of 400“ 1'., par¬ 
ticularly if (he mixture is kept well agitated. The grahamite should be 
introduced in the form of him|)s alHiut the size of hickory nuts, in prefer¬ 
ence to a fine [lowder, as the latter will sinter together if (he charge is not 
agitated, and in addition will make it dillicult to tell when the amalgama¬ 
tion is completed. 


Great rare slioiild lie taken not to overheat liitiiminoiis siilwlanees, as they are 
all alTeeted either liy a prolonged healing at a niiKleralely high temperature, or 
iifion Biilijeeling to a eoinpanifively high teni|s*ratiire for a short time. 'Then' are 
no general rules regarding the liehavior of hituininoua siilistanees under the influ¬ 
ence of heat. Each will act differently, and resist heat to a greater or leaser degree. 
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It k rarely safe to raise the temperature higher than 450-5(X)° F. in any of 
manufacturing processes involving the use of bituminous substances.' Overhe f ' 
will manifest itself by: 

(1) Increasing the specific gravity, viscosity, hardness and consistency, Iminn- 
point, dash-point, burning-point, non-mineral matter insoluble in carbon disuiphaie 
ami carhenea. 

(2) Decreasing the ductiiity, volatile matter, soiubility in carbon disuiphide ;in<J 
in SfU petroieum naphtha. 

On fluxing native asphalts currying a substantial pcrccnbigc of mineral matter, 
it is important to keep the mass well agitated, othonvi.se the mineral matter will 
settle out and carlxwiizo ag.ainst the liottom of llic tank, retarding the ingress of 
heat, and cansing the Ijottoin plates to burn out rapidly 

When the mixture is to lie heated to a high leiniieratiire for other than a com¬ 
paratively short time, it is inadvisalile to alToct the agitation by means of air, as 
this will increa-sc the fusing-|)oiiit in the s:inie nianner as in the inwhulion ol 
“blown asphalts" (see p, 287). Mechanical stirrers or dry steam jets are prefer¬ 
able uniler these conditions. 

.Apparatus for liKvrporatiiKj Fillers. As fillers art' iiddcfl after the liitii- 
piinotis mixture has Iteen dehydratetl ami Hiixed t(i the pm|ier eonsistemy, 
a steam-heated mixing apparatus (if small eapaeity is best adapted fur the 
purpose, eonstrueted to iitix the eha’ge with givat ra|)idity. 'I’wo forms 
of steam-jacketed agitators provided with mcehanieal mixers am usmi, 
viz.: 

(1) A rectangular tank with a semi-eylindrieal steam-jaeketed Ixittom, 
commonly provided with two horizontal shafts levolving in opposite 
directions, each carrying two sets of short strong lihules or paddles set at 
different angles, to work the bituminous niixtiuv from the ends of the 
vessel towards the centre. 'I'lie (lompleted mixture is discharged from the 
bottom through a [xiwer o|X'rated slide-valve (see I’ig. 117). 

(2) A vertical veascl of cylindrical form provided with a steam-jaeketed 
semi circular Ixittoin, enclosing a vertical shaft carrying blades, gmired 
to an auxiliary shaft, offset at one end and |)rovided with .smaller blades 
which revolve within the larger ones. The principle of this type is similar 
to that of a common “ egg-lx-ater.” Tlie inner .shell is cast from a single 
piece of metal to avoid danger of leakage. This form of apparatus is 
intended only to mix in such (luantities of fillers as will not destroy the 
fluidity of the mixture or prevent it discharging by gravity through a sixiut 
at the bottom. When fillers are used stich as silica, earth-colors, or the 
like, mixtures can be prepared containing 60 to 05 per cent of the mineral 
constituents. 

When it is desired to incorporate light vegetable fillers, such as cork, wood- 
Bour, or fibres, a type of mixture may be used similar to the foregoing but mounted 


of Ovorht'Rtinc Asphalts/' C. J. Frunkforler, J. Ind Eng Chem., t, 239, 1910. 
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,m tnmnions, so that after the mixing is roiiiplete, the entiro apparatus may be 
lipiKKl bodily, and the contents hoed over the riin while the man is hot An 
apparatus of tliis ty|)e is illustrated in Fig. 116. 

Kmiihijicatiori. In sitocial eases it is desirable to emulsify liquid to 
setni-liquid bituminous mate.-ials with water. The emulsification is 
brought alKiut tlirough the intervention of tlie following cla.sse.s of sub¬ 
stances: rtuter-soluble soajis, alkalies, tilkaline earths, sodium silicate, 



Ctmrftwv of J H. r>»y * Co. 

Fkj. 1 Hi —Mixer lor IneoriMirMliriK f.iir^e IVreentaKOi* of hllerH in Anphalt. 


(ortniii minorul oxidrs. plii.sdc clay, lar iH.''liIlatc.s inchidiuK pyridine haHOH, 
starchy imitorials, \vatcr-s(»lul)l(‘ gums. Irish iikws, sulplioiiafH oiln, 
<‘as(Mn, molasses residues, etc. (s(‘e p. 

T!io emulsification is efTo<‘(e<l cold. If a lujuid profluct is to ts* oUtainwl, the 
InturninouH mat-enal and water coiifaining flic cinulHifyinK imenl are riuxeil in & 
suitahlc apparatus provided with a na'clianical HtimriK <levic<». Jf tlie pHsluct i« to 
1*0 protluced in pa.ste form, the eimilMfieation is hnaiKhl aUuit in a "rnai^hnitor," 
or a " pugoiriill ” (otherwise known ns a " cliaHor or " <■10^^111 mil) in wliieh 
mi'chanieal agitation is coupled with a certain amount of grinding or trituratioo 
(sec p. 45 y). 
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BITUMINOUS PAVING MATERIALS 

Bituminous materials for constructiiij? pavements may lie classified 
into the following groups, depending upon the specific purpose for which 
they are to be employed, viz.: 

(1) Bituminous dust-laying oils. 

(2) Bituminous‘surfacings. 

(3) Bituminous macadam. 

(4) Bituminous concrete pavements. 

(5) Sheet-hsphalt pavements. 

(6) Asphalt-block pavements. ' 

(7) Asphalt mastic floorings. 

(8) Bituminized wixxl-block pavements. 

(9) Bituminoiu fillers for wood, brick and stone-block pavements. 

(10) Bituminous ekpan^on joints. 

These will be discussed in greater detail later.' 

The bituminous raw materials commonly employed for the alx)V.'. 
purposes embrace the following: 

Crude petroleums. 

Native asphalts. 

Residual oils. 

Residual asphalts. 

Blown petroleum asphalts. 

Asphalt! tes. 

Refined water-gas tar and water-gas-tar pitch. 

■ Refined oil-gas tar and oil-gas-tar pitch. 

‘ ^ Refined gas-works coal tar and gas-works coal-tar pitch. 

Refined coke-oven coal tar and coke-oven coal-tar pitch. 

•"City Howia anil Pavements,” by W. P. Judaon. N. Y., 1907; “ Road Prewrvafion and T)u«t 
Prevention,” by W. P. Judeon, N. Y. and Ix>ndon, 1908; “ The Modern Asphalt Pavement,” 
by Ciifftwd Riohardaon, N. Y., 1908; "Street Pavementa and Paving Materials.” by 0<o. W. 
llilaom, Ut Edition, New York, 1908; " Ihwt ProveoUtivee and Binders,” by Provost Hubbard, 
1ft Edition, N. Y„ 1910; " Asphalt Conatniction lor Pavementa and Highways,” by Clifford Hieh* 
ardaoo,. let Edition, New York, 1913; " Teit Rook on Highway Engineering,” by A. H. Blanehard 
and B. B. Drowne, lat Edition, N. Y.. 1914; "The Construction of Roads and Pavements,” 
by T. R. A||. 1st EdHioa, N. Y., 1918. 
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These may be used either singly or in various eombinationa. In 
special cases distillates are used, including the heavy petroleum distillates 
for manufacturing dust-laying oils, and tar-distillates for impregnating 
wood blocks. 

Bituminous materials are used without other additions in the form of 
bituminous dust-laying oils, fillers for wood, brick or stone pavements 
and in certain forms of expansion joints; and they are used in admixture 
with mineral aggregate for constructing bituminous siurfacings, bitu¬ 
minous macadam, bituminou.s concrete pavements, sheet asphalt pave¬ 
ments, asphalt-block pavenient.s, asphalt mastic flooring and certain 
expansion joints. They are also used in combination with wood for 
manufiu'turing bituniinized wo(Hl-blo<-k pavements; with felted fabric 
in forming certain bituminous expansion joints; and in some' cas(‘S eniul- 
sifiasl with water for prei)aring dust-laying oils, and bituminous cements 
to Is' us('d cold. 

Bituminous Dust-laying Oils. Dust-laying oils are also designali'd 
“ dust preventatives ” or “ dust palliatives." They art' usually litpiid 
at i(M)m tempt'iature and are iuiapted for u.se without heating, on earth, 
graval or macadam roads, for tem|X)rarily resisting tiu' fonnation and 
disix'ision of tliist under traffic conditions. Dust-laying oils may either 
lie u.'it'd as such, or iti an enmlsifit'il state with water, and are applital 
to the roiul, preft'iably after removing thi' Itstst' particles of dust, by any 
suitable form of sprinkling or spraying devict', as for example an onlinary 
watering cart. 

'I’ht' function of the dust-laying oil is twofold, namt'ly, to prevent the 
disi)ersion of dust aln'ady fornu'd, and retard the' fonnation of additional 
particliM under the attrition of traffic. Tlu' saturating, nithesive or binding 
properties of the oil accomplish the.'ic' results. At Is'st tla; effect of dust¬ 
laying oils is temixirary, and they must accordingly l)e n'liewc-d from time 
to time, usually twice during IIk' first season, and otice each year there¬ 
after, assuming that the traffic conditions an' not abnormally severe. 

liitumitmis Materials Used. The following products are employed 
for this purpose: 

(1) Crude jietroleums of mixed-base and aaphaltic nature. 

(2) Heavy petroleum distilLtea. 

(3) Residual oils. 

(4) Cut-baek residual oaphalU. 

(5) Gaa-work.s coal tar. 

(6) Coke-oven coal tar. 

(7) Cut-buck pitches. 

(8) Water-gas tar (rarely). 

(9) Oil-gaa tar (rarely). 
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Bituminous Emulsions. It is sometimes customary to use the prod¬ 
ucts with water in the form of an emulsion, obtained by mechanical or 
chemical means. Emulsions, on account of their greater fluidity, have 
the advantage of being applied more cheaply than untreated oils or tars, 
thus enabling them to be spread on the road without the use of a special 
form of apparatus. In addition, they are absorl)ed more rapidly by the 
road surface, and obviate the necessary of interfering with traffic while 
applied, or the annoyance of having the oil tracked about by pedestrians, 
as often proves the case when crude petroleums or tars are used. 

Mechanical emulsions are obtained by mixing the oil (usually crude 
petroleum, heavy petrolemn distillates or residua! oil) with a suitable quan¬ 
tity of water, by a mechanical contrivance, just as it is about to \^e sprayed 
on the road, as for example by means of a rapidly revolving set of blades. 
Oils having a specific gravity approximating that of water will answer be.st 
for this purpose. 

The following chemical agentn have also been used for emulsifying the diist- 
Liying oils, viz.: 

(1) Soaps prepared from animal or vegetable oils and fats, which when combined 
with petroleum, re.sidual oils or tars will enable them to l)ccome entulsihcd with 
water. One formula consists in emulsifying the asphalt with o1(m<' acid and am¬ 
monia,' another in dissolving 20-25 lb. of common soap in thr smallest (piaiitity of 
hot water (40-50 gal.), and then mixing it with 100 gal. of asphalt Uosm or rosin 
oil soap may also lie ased.* 

(2) Alkalies, including ammonia, caustic or carbonated .soda or fiota-sh, borax, 
.slaked lime, etc., will give satisfactory results with tars containing phenolic l>o<lie.s. 
due to the resulting combination acting a.s an emulsifier. 

(3) The addition of a small percrentage of certain alkaline bases including pyri¬ 
dine, piccolin or quinolin, will emulsify residual oil, crude petroleum or tar.’ 

(4) Small percentages of colloidal vegetable or animal sulistances, such :is 
saponin, glue, gums, pectin substances, vegetable mucilages,* sulphite liquors, wa.ste 
molasses liquors*, starch pasUs Irish moss* and other glutinoiLs substances dissolved 
in water. The addition of a small proiwrtion of these substances to the oils or tars 
with or without the addition of soaps, will enable them to emulsify with water. 

(5) A paste made up of colloidal mineral substances, such os metallic oxides, 
silicates, hydroxides, clay,^ sodium silicate (“water glass'’).* 

‘ U. 8. PbUi. d02,313 of May Id, 1911 to L. S. vao Woitrum; also 608,691 of Jul 25, 1911 to 
H. R. KaMon and 8 8. Saxton. 

iGer. Pau. 248,084 of Doc. 6. 1000 and 248.703 of Mar 17, 1010 to Rcinhold Wallbsum. 
U. 8. Pats. 1,258.103 of Mar. 5, 1018 and 1.250,223 of Mar 12. 1018, both to W M Fraacr 

tU. 8. Pat. 884,878 of Apr. 14. 1908 to J. P Van dcr Ploog. 

«U. 8. Pat. 834.830 of Oct 30. 1906 to Karl Mann. 

**‘Duat Prevantativea and Road Bindcra.” Hubbard, p. 100 

< U. 8. Pat. 943,667 of Da«. 21. 1909 to Carleton Ellis 

’ F. RaMshtt, J. Spc. CAam. /ad.. M. 758. 1910; U. 8 Pat 1.240.253 of Sep IS 1017. to M A 
Popkesa. 

*V. 8. Pat. 980,513 of Jan. 8. 1911 to Robert Hacking 
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(6) Sulphonated vegetable oils such as “ turkey ted oil.”' 

(7) Soda sludge obtained from oil-refining works (see page 213). 

(8) By means of soluble casein solutions.* 

Emulsions are usually marketed under various proprietary names, 
the exact composition Iieing earefully guarded as " trade secrets," and 
recommended to be mixed with water, in proportions ranging from 10 to 
30 per cent. It is obvious, however, that the smaller the percentage of 
bituminous matter present, the less the efficiency of the emulsion as a 
dust-laying medium, and the more often it must lie renewed. The use 
of emulsions is attendant with the following disadvantages: They arc 
usually applied in such weak solutiops that their efficiency is impaiitHi; 
the water present in the emulsion has no value from the view-point of 
dust-laying and nece.ssitates the purchaser paying freight on this inactive 
ingredient; and further, emul.sions prepared from residual oils derived from 
non-asphaltic and mixed-ba.se jx'troleums ar" very ai)t to wa,sh olT the n)nd 
upon l>eing subjected to the action of rain or snow combined with the 
mechanical grinding under the wheels of traffic. 

Non-fmuls)fil’d Prixluds. Non-emulsified oils and tars an* usually 
less expensive in the long run. They are generally applied eold, but in 
certain ea.ses. and particularly during cold weather, Is-tter results may Is* 
obtained by sprinkling them on the road in a heated .state. The liest 
practice necessitates using from ^ to ', gal. [jcr .square yard. dei)ending upon 
the nature of the road, the (luantity of dust in situ, and whether or not the 
road has been oiled previously. On a roa<i oiled at regular intervals, 
0.1 to 0.2 gal. per s(]uare yard is sufficient after the initial application. 
The surface should then l)e sprinkled lightly with sand, using a cubic 
yard for every 7a to 12.5 sq. yd. of surface, to prevent the oil l)eing tracked 
about by pedestrians and vehicles. A longer period should Ik* given 
the oil to soak into gravel or macadam roads since they are denser and 
less porous than dirt roads. For the same reason, the oil must Ik* applied 
with great care to provide a uniform distribution, and to previmt it 
accumulating in '‘p<K)ls.'’ 

Non-asphaltic |x-troleutiis and their residual oils are not looked upon 
with favor, owing to their deficiency in “binding” properties. Mixed- 
ba.se iK-troleums and their residual oils give lietter results, but they are not 
regarded as eriual to the asphaltic petroleums and their residual oils. In 
general residual oils give Ix'tter results than crude petroleums, sini'c they 
are more “ concentrated.” It is still an undecided matter whether, other 

' U S Pala 03J..VJO of Aug 17. IWW to Jitliua Htockhauwn. MK.fWI of Jut 2.'i, lUll l4» If ll 
KntMion and H Saiton 

t Gcr pat 240,4H2 <4 Mav 1. ItHo to Akti<*fig<-M'lli><-liafi ftir AaphalOfrung iind l>a<-hbM«>kung 
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things being equal, petroleum products or" tars ” are preferable, and much 
may be said on both sides of the question. Cut-back residual asphalts 
and cut-back pitches have also been largely used. They have many 
advantages, and among others, the fact that they set up rapidly when 
applied to the road, and the residue is apt to have l)etter " binding prop- 
ertiM than would be the case if the corresponding crude or straight di.s- 
tilled products were used. 

General Consideraiions, The following precautions should be followed to get the 
best results: 

1. All the loose dust should be removed from the road before applying the dusl- 
laying oil. 

2. The road should be thoroughly dry and the oil applied preferably on a warm 
sunny day, or if this is not possible, the oil should be heated slightly Ijcforc it is 
spread. 

3. The oil should bo allowed to soak into the road thoroughly before reojwning 
it to traffic. 

4. The oil should not be too viscous, otherwise it will fail to penetrate prop¬ 
erly. Best rbsults are obtained with oils having a specific viscosity (on the the 
first 50 c.c.) when tested with the Kngler viscosimeter (Test S/i) at 77“ V. as follows; 

(а) Petroleum products for use as dust palliatives (i.c., tliree to four applications 
per year at intervals), leas than 10. 

(б) Petroleum proilucts for use as road oils to be applie<l eold (i.e., two apfili- 
cations per year, intended to build up a liituminous surface), 80-120. 

(c) Refined tars for use lus dust pdli itive.s, S VA 

(d) Refined tars for use as road oils to Iw applied cold, 2S-35. 

(«) Refined tars for cold patiihmg, 40-70. 

5. If the oil contains an excess o( volatile niatfor, too much will eventually Ik? 
dissipated through evajmration to enable the rc.sidiic to fulfil its functiim cflicii'iitly. 
The volatile matter at .125“ h'. tii 5 hours shoui 1 not OM-ced .‘(0 [wr cent in the ca.se of 
petroleum products, nor must the residue appear “ greasy.” 3’he gn*ater its atllie- 
sive qualities and tensile strength (“ coinonlitiousness “) at 77° F. (Test II), (he 
more efficiently will the original oil bind togiMlior the ilust particles. Tar products 
on distillation (Tost 20) should yield the following jierccntages of distillate; 

(а) Refined tars for use as diwt palliatives: to 170“ C. lo.s.s than 5 per cent; 
to 270® C. less than 30 per cent; to 300“ C. less than 40 per cent. 

(б) Refined tars for use as road oils to Ik? applied cold: to 170“ C. le.ss than 2 
per cent; to 270® C. less than 25 per rent; to 300“ C. less than 35 per (ent. 

(c) Refined tars for cold patching: to 170® C. more than 2 per cent; to 270“ C. 
16-25 per cent; to 300“ C. loss than 30 iwr cent. 

6. Petroleum products should show not, exceeding 1 |x?r cent non-miiieral 
matter insoluble in carlion disulphide; refined tars for use as dust palliatives or a.s 
road oils to be applied cold, not more than 10 per cent free carlion (Test 31); and 
refined tars for cold patehing, not exceeding 20 per cent free carl)on. 

7. The dust-laying oil should not show a tendency to emulsify when subjected 
continuously to the action of moisture or upon being ground up in the form of a 
paste with the dust or mud generated by traffic. Certain oils and especially those 
piq)ared from non-asphaitio or mixed-b^ petroleums are apt to become miscible 
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with water under these conditions, and wash away from the surface of the road. 
The product may be tested for this defect by grinding the residue remaining after 
the volatility test in a mortar with an equal weight of colloidid clay made into a 
paste with water, and observing whether any emulsification takes pliico. 

Bituminous Surfacings. A bituminous surfacing consists of. a layer 
of appreciable tliickncss constructed on top of a newly pieparcti or an old 
roadway, by the application of one or more coats of bituminous material 
intcr|)osed with gravel, sand or stone chips. When u.sed for surfacing 
gravel, stone or concrete roads, it is ustially termtal it “ car|x>f " or a 
“ ear|reting coat,” and when used for surfacing roads constructeti of a 
bituminous wearing course including bituminous macadain and bitu¬ 
minous concrete pavements, it is referred to ns a “ seal-coat.” In the 
latter case the function of the bituminous surfacing is to fill the voids of 
the bituminous foundation and produce a smooth and uniform wearing 
surface. 

The objects of the bituminous surfacing are to prevent the formation 
of dust by attrition, to provide a somewhat elastic cushion or “ carpet ” 
to take the wear and preserve the denser material U|)on which it is laid, 
to make the road less noisy, and to increase the comfort of those who travel 
over the pavement. Bituminous surfacings will only give good results 
on roads providing a firm and well compacted foundation. New roads 
should accordingly be o|)ened up to trallic for some time until all the 
small particles and loo.se dust have been worn off, and any local settling 
may have taken place. 

liilnminoKS Hinder. Bituminous binders for u.s(‘ in constructing 
bituminous surfacings may be divided into two groups, viz.: (a) suit¬ 
able for application to gravel, stone or concrete pavements, and for the 
maintenance of bituminous macadam and bituminous concrete pave¬ 
ments; {b) .suitable for pn'paring the nniiinnl bituminous surfacing in 
con.structing bituminous macadam and bituminous concrete pavements 
(usually termed “ seal coats "). 'I'he first group only will lie considered 
under this heading. The bituminous binders included in the second 
group will be descrilMsl under the headings of bituminous macailam and 
bituminous concrete pavements, as they consist of the same character 
of bituminous materials as used in the construction of the wearing course 
of these re.spcctive pavement.s 

The bituminous materials used for preparing the bituminouii surfacings of group (a) 
are usually vi.scous, scmi-liquid to semi-'sjlid iii consistency ami suitable for appli¬ 
cation in a heated condition by a mechanical disiriliutor capalilc of forcing it on 
the road under more or less pressure. They arc usually applied at a lcin|)erature 
of 225-275° F., and should possess or develop shortly after their application suffi- 
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cieot adhesiveness to bind together the covering of sand, gravel or stone chips 
The bituminous material is frequently composed of a “ cut-back ’’ residual asphalt 
or pitch, prepared from a base of great adhesiveness, combined with a suitable 
pri^rtion of volatile constituents intended to evaporate within a short time after 
the bituminous surfacing is applied. The following may be used for preparing the 
surfacing: 

(1) Ftuaed native asphalts. (It is gmasible to use these, but at present none ate 
so employed.) 

(2) Blown petroleum asphalt of the proper consistency. 

(3) Residual asphalts, including “ cut-back ” products. 

(4) Residual or refined tars, including water-gas tar, oil-gas tar, gas-works coal- 
tar and coke-over tar. 

(8) Cut-back pitches, including cut-back water-gas-tar pitch, oil-g.a.s-tar pitch, 
gas-works coal-tar pitch, and coke-oven coal-bir pitch. 

The bituminous binder should comply with the following characteristics when 
tested in its pure state: 



Tar 

Products. 

Aitphaltic 

Products 

Vlseotity by 0o*t test ftt 90” F. (Test 8d). 

00-150 

»«M50 

DuetllMy at 77* F. (Twits Kto aod lOH 

>50 

>.50 

FuBlog'poiDi (K. ftod 8. method. Test 15a) 

<105* F 

<10.5* F 

Volatile 325* F. in 8ve hours (Test 10a). 


V 1.) ip 

Vbcoelty residue by float test at 122* K. (Tost ad) 


>110 

DistilUtloo test (Test 20): 



To 170* C. (by weight). 

<1% 


To 270* C. (by weight). | 

<15% 


To 300* C. (by weight). 

<-jr>% 


Soluble Id osrboa disulphide (Test 21a) . 1 

>85% 

>08%. 

Non-inionrsl matter insoluble (Test 216) i 

<15% 

<i% 

Mineral matter (Test 21c) . 

<J% 

<1% 

iiiolublo in 88* naphtha (Teat 23) 

i 

> 00%, 


Mineral Aggregate. The top tlre.siiing shoiilil consist of coar.se .sand, 
fine gravel or screenwl grit (stone chips) whose particles vary from J to 
J in. in their longest dimension. The grit may he graded from J in. down, 
but should contain no “ dust.” One cubic yard of siind weighing approxi¬ 
mately 2700 lb. should cover 50 to 100 sq. yd. of road surface in the hot 
process and 100 to 150 sq.ytl. in the cold treatment (i.e., dust-laying oils). 
The harder the character of the top dressing, the Ixdtcr. (’tibical particles 
are less liable to displacement under traffic than rounded particles. 

Preparing and Applying the Surfacing. The following stops should lx; 
carefully observed: 

(1) The original cross-section of the road should be restored, proper 
drainage provided, and any rvits or depressions filled with crushed stone 
or gravel, levelled by rolling, and thoroughly bonded. 

(2) Any loose dust, chips or other particles should be removed by 
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swooping with hand or power lirooms, or in oxtroinc oases with shovels 
or power scrapers. 

(3) The weather sliould preferably be clear and warm. 

(4) The road surface should be clean and dry. This is essential to 
secure the proper bonding of the .surfacing to the wearing cours<‘. In 
certain cases a light preliminary cold application of li(|uid bituminous 
material or “ primer" will pnanotc the adhc.sion. With macadam, 
liest results arc obtained by removing the line particles lietwiam the larger 
stones to a dei)th of J to .1 in. to enable the surfacing to " key '' with it. 

(.5) The tar or asphalt should la- heati'd to 22.5 to 275'’ h'., and applied 
with a suitable pressure distributor, which will impinge it against the 
surface of the road in jets propelled at great velocity, and at the same time 
remove any dust which may have Is'en overl(a>ked. If the ))ressure is 
too great, the bituminous material is likely to 1 k‘ atomized into fiia' particles 
whose impact will lie lessemal. 

{«) The quantity of bituminous material re(|uii'(‘d for the lirst treat¬ 
ment will vary from J to J gal. |X'r .sipiare yard of surface, averaging 
\ gal., depending upon the eh.aracter and .smoothness of the surface. 
It should be applied uniformly and smoothly. 

(7) Some recommend that the bituminous surfacing .should la’ allowed 
to remain on the road at least twelve hours, to enable it to soak in as much 
as possible before the mineral surfacing is ajiplied. Others recommend 

placing the top dre.ssing immediately. 

(8) After the top dressing is apiilied. it should tie thoroughly rolled 
with a steam roller to incorporate the mineral matter with the bituminous 

coating. ■ I ■ , f 

(9) The finished bituminous surfacing should vary in thickness from 

1 to 3 in. 


General Consuleratiims. 'I'ho success of this ini'tliisl will (Icpeml upon. 

(1) The nature of the foun.lalion to which the liituiniiious surfueng is .ipplied. 
Maciuliiin, concrete anil well-construclcl liilun.inous-iuacailain iiaveuicnts give the 
test results. liituniinous surfacings ,lo not stand up as well on gravel ns.ds, i« they 
are apt to peel off after a time, unle-s a primer is used. 

(2) The^oroughness with which the ... surfacing adheres to the fonn- 

‘'““(aTThe nature of the hinder used. ltitu.nino.« autetenees who* msiduea 
„ great ductility, tensile strength and ■■ .adhesive ” „u«htiea ^ 

results. They should not te tes, siisccptihle U. tm.ii^rature changes or contain ^ 
large a percentage of volatile constituents. Uem.leiim prclueta ^ “ 

l«troleum will give tetter results than thossi ohtained from a mixeil-taiae ,«troleurn. 

(4) The nature of the top dreasing. Cubical particles of gnt or 
pinra free from dust, produced from hard rocks will give tetter results thar^ rmn- 
L matter derived from soft rosks, which are liable to powder under heavy UafBe. 
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Rounded mineral particles are not as satisfactory as angular ones, as they ate more 
apt to become displaced. 

Numerous mechanical appliances have Itcen devised for spreading the bitu¬ 
minous material, the modern and most efficient ones being operated by a motor 
which serves not only to propel the vehicle, but also to apply the bituminous 
material under pressure. Heat is supplied by burning wood or coal in a small grate 
underneath the tank. Steam-jacketed tanks are also used. 

Bituminous Macadam. This form of pavement is also known a.s 
“ asphalt macadam,” “ bituminous gravel," “ bituminous broken stone,” 
“asphalt broken stone,” etc. Its wearing course is composed of miiientl 
particles bound together and having the interstices filled with a bituminous 
binder introduced by the. “ penetration method,” which consists in first 
rolling the mineral particles in place and applying the melted bituminous 
binder afterwards. 

Foundation Course. The firmer the foundation, the more durable will 
the pavement be. Either a Telford macadam, or well drained gravd 
foundation is recommended. Sand or gravel roads are frequently too 
soft to give good results. If the foundation is worn or rutted or filled with 
holes, it should be levelled and rolled before the surface coursi' is applied. 

Mineral Aggregate. Upon the foundation course is spread an inter¬ 
mediate course composed of 1 ]- to if-in. broken stone, which after rolling 
is compacted in a layer 2 in. dec'p on old macadam roadways to ,a in. deep 
on new roadways designed to carry heavy traffic. This is bonded together 
by filling the interstices with smallcr-.sized stone, sand, screenings or 
stone-dust, and rolled until thoroughly compacted. Upi'n the infi'i- 
mediate course is spread the surface course, which is substaiuenfly treated 
with the bituminous binder. When the surface course is to Ixi applied in an 
uncompacted layer 4 in. thick, corresixinding to 3 in. after rolling, the 
stone particles may vary from 2 to 35 in. When the surface 00111 x 0 is to 
be applied in an uncompacted layer 3 in. thick :orres[)onding to 2 in. 
after rolling, the stone particles may range from 1 to 2J in. All depres¬ 
sions must be filled. Crusher stone consisting of cubical fragments gives 
the best results. Crushed gravel may be used for the mineral aggregate 
in localities where broken stone is not obtainable. 

Bituminous Binder. The binder used in penetration method may con¬ 
sist of the following groups of products: 

(1) Native aephalte used alone when of a suitable consistency, or else fluxed to 
grade with softer native asphalts, residual oil, soft residual asphalts or soft blow 11 
petroleum asphalt. 

(2) Asphaltites fluxed to the required consistency and fusing-point with residual 
oil, soft native asphalt, soft residual asphalt, or soft blown petroleum asphalt. 

(3) Residual asphalts used alone when of the required consistency, or else fluxeil 
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to (trade with residual oil, soft native asphalt, soft residual asphalt or soft blown 
petroleum asphalt. • 

(4) Blown petroleum a.splinlt.s used alone when of the pro|H'r eonsistenry, or 
else fluxed to (trade with soft native asphalts, re.sidual oils or soft residual asphalts. 

(t)} Water-gas-tar pitch, oil-gu.s-tir (litcli, gas-works coal-tar pitch or leke-oven- 
tar pitch, used either singly or in various coiuliinations, and without other additions 
when of the ref|uire<l consistency; or else if too hard, cut back to grade, with the 
corresponding liquid tar eva|K)rated to remove the highly volatile oils, or a small 
[iroportion of high boiling-iioint ilistillate derived therefrom. 

The hitimiinoti.s hiiuier slumltl crimply with the ftillowiiig tests; 


ViHCDuiU l)\ Hotil l<w| ;tl 121“' I' ( i’t “t Si/i 
I'ctiflntum at 77’ I' (’I't-ii itf,) 

Ffiiftr ilitiri at .IJ” !■' ('I't-'l ‘.l^I 
Dtii-tilifv at. 77” !•' ('I’t-t Khj or 
Fii'*iiiK-jniint iH and H iiirtlux]. Tfsi |'>/ii 

I-(Ciiln iiM‘trifM|, I'cwl !.*►,} 
\t»l;i(ilf at 1' HI fi\i‘ hotir'* l'r<«t Itmi 

I’fiH-tralnm ri-iditf at 77” I' (Tchi ‘i^>) 

Klawli.ixuiil (’I'.'l 17at 

Diwtill ititm Ic't iTf'i JIM 
To I70' (' 0'^ Wfiuht) 

T.. 27(1" (' (1,\ w.i^lit) 

To dOtl” (' 0>' wijilii I 

F(HiiiK-IKHiit r'-'nlii'' 1x1 

Soluble in etirbon iliwii||i)iid<- ( I't-I 2l«t' 
N'oii-niiiiertil matter inscilnlile Flf"* -’IM 
Mineral inall<r ("I'esti 21,) 

Carlieiies iTe-st 22l 

So|ti!i|e III .SS’ liaplllll.l (TtKt 21) 


I «r 

I’riHhit tM 


AKphnllH- 


S', 11,'.' 1 

> Art’' I 

■ 1 ', 

• l(i‘, 

• 2(1', 
s'l'.d' I 

' r**; 


1 

i 


so too 

>K 

> 

11.'. 1 F 


i onsiiial 
iH-lietrMtIOII 
> F 


>117'’;, 

<2'’; 

<rr; 

•'ll'; 

ti.', K.','; 


l‘rcp(inii(i (111(1 Apphjidy the S((( f(((r <'(ii(rnc. The siirfiice eimrse is 
applied to the iiileiiiiediale eoiirs,' its (lesciila'il. iii a layer 2 to 3 in. thick 
when eompiicted, and spmikled with liitiiminoiis liiiider tiniler a pres- 
■siire of 30 to 00 lb. pT .sipiafe inch fioni a niecliaiiical contrivance similar 
to that iise<l in the snifticiiig niethod. Verv ,'oft rock .shotilil Im' sprinkleil 

f„/,irc rolling. 'I'lie bit. nous nialcrial may lie heated iH'lwtH'ii ‘2M) and 

3(K)'’ K. in the ca.se of Itir products, and from 300 to 3.')0'’ !•'. with asphaltic 
mixtures, and applied at the rale of J gal. iht .s,|uare yard for each inch 
thickness of the comr>acted wearing surface. 'I'he roiwl is then imme¬ 
diately covered with a dusting of J in. screenings preferably heattxl, and 
well rolled with a 1.5 to IS-ton roller, after which a seal-coat of bittimiiioiiK 
material (p. 367) is applied, at the rate of J to J gal. per (gpiare yard, 
covered with chips and again rolled. 
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Oeneral Considerations. The following precautions should te observed; 

(1) The foundation course should be unyielding and substantial. 

(2) Tough and durable stone of cubical form and free from dust should be 
used as mineral aggregate in the wearing course. 

(2) The bituminous binder should !« distributed uniformly throughout the entire 
wearing course. This may lie assured by applying the binder in two or more layers 
on relatively thin courses of aggregate. 

(4) 'I’he bituminous binder should l)e applied in just the right (luantity, neither 
too much nor too little. If too much is applied, the binder will " bleed ” from the 
road in warm weather, and it too little, the liond will be broken in service. 

Bituminous Concrete Pavements. This method differs from the fore¬ 
going in the fact that the mineral aggregate is heated and mixed with the 
bituminous binder before it is applied to the road. This overcomes the 
main difficulty of the ptmetration method and insures a uniform distribu¬ 
tion of the bituminous material. The name “ bituminous concrete ” 
is given on account of its analogy to a Port land-cement concrete', in which 
the mineral aggregate has its voids filled with Portland cement in one case 
and with a bituminous cement in the other. It has also been termed 
“ stone-filled sheet asphalt pavement,” and may be regarded as a mortar 
of the composition used in tin; crmstriiction of the surface; course of sheet 
asphalt pavements, having J to 1.1 in. stone uniformly distributed and 
cmlicdded therein. This type of con.stnictiou is rapidly sujx'rsediug 
bituminous macadam, in .spite of the fact that the latter is considerably 
less expeuisiv'e. The modern tendency is tee produce ,a ve'ry dense wearing 
course, charaiderized by a .smaller pro|x)rtion of voids than in bituminous 
macadam. 

Foundation or Base Course. The most .satisfactory foundation con¬ 
sists of a Portland-cement concrete, or a well-compacted m.acadam; less 
satisfactory results Ix'ing obtained from gravel or broken stone founda¬ 
tions. The same precautions should be followed in levelling and grading 
the macadam, broken stone or gravel foundation as descrilK'd umler the 
re.speetive headings “ Hituminous Surf.acings ’’ and “ Hiluiuinous Mac¬ 
adam.” In the case of a Portland-cement concrete foundation, the direc¬ 
tions should Ihj observed as dc.scril>ed on p. 3(17. Macadam foundations 
sliould never be less than 6 in. thick, or Portland-cement concrete less than 
4 in. 

Mineral Aggregate. This should lx> selected and proportioned with the 
greatest care, since the success or failure of the pavement wifi larg('ly 
depend upon the character and blending of the aggregate. It may con¬ 
sist of a screened rock of the sizes used for the penetration method, or an 
attempt may be made to reduce the percentage of voids by using a graded 
aggregate consisting of crusher-run stone, or a mixture of crusher-run 
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stone with sand, with or without tlio addition of dust or filler. When such 
aiJgregatc is not available, sand passing a J-in. sereen and gravel ranging 
in size from J to IJ in. may lie used in sueh projKirtions that the mixture 
will have the smallest pereentage of voids (determined as de.serilHsl on 
p. 360). The stone should lie hard and tough with eubieal fragments. 
Crushed quartz or trajr-roek are rceommended, but hani, finely crystalline 
limestone will also give good results, (iranite is less .satisfactory, and 
gravel should only be used where the other tyix-s of stone are not proi ur- 
able. Slag, .shells or cinders are not recommendeii. In the western iHirtion 
of the United States, where hard rocks arc not available for aggregate, 
bituminous concrete pavements have not given very satisfactory result*. 

The fiantl ahouhl Ik? eleiin, gradefl aiul <-om|>osed of turdiuui sharp ueiJher 

t(K) jiiiKular nor rounficd. Sands are classified as U'ach, river, hank, dhsinfeKrafisi 
sandstone and artificial sands, l)ut each ^roup v.anes in its characferisticx, ko lhaf it 
Is iin|) 0 .ssihle to reach any con<‘lusions n'ffarihriK llieir relative eflici(>ncu*N ^^ithoiit 
HubjectiilK them to a graniiiarmcf n<‘ (‘\aiiunation. 

Sometimes the sands carry snflicient fine particles to satisfactorily fill the voals 
When this is not the ciuse, additional dust or filler should Im* adiled, consisting of 
ground limestone, trap-roi‘k, volcanic rock, silica, shale, j>owdcr<Ml clay or marl and 
either Portland or natural cement At the pr(‘M*iit time lmiest<uie ihist is most 
commonly used for this piiriiosc and sometime.s Portlami <*<*mcnl Pillcrs should Is* 
of such a tt‘\ture that at least 75 |K'r cent will pass a 2 t) 0 -m(“sli sieve, ami not l(*ss 
than (>0 |)er cent rtunain susjiended in water at tiS" I’’, for fifteen s(>coiidH (iwe 
Klutriation Test, p. 541.) The amount of filler ad«led will de|M*ml u|k>ii: 

(1) Whether the hitumlnous cement contains mineral matter 

(2) Whether there are any fine partu-los of ‘'dust ” pn'wiit m the saml. 

The grading of (he stone, saml ami filler should Ik* controlled very carefully to 
obtain an aggregate of the greate.st iHi.ssibh* <lensi(v. or in other words, the smallcit 
Iierceiitage of voids, 'rims, the voids of thi* broken sfom* slumld Im* complcP*ly 
filled with sand, the voids of the sand m turn filled witfi dust, and the voids of 
the dust in (urn filled with bituminous cement 'Ihe "voids ' may lie detennmed 
by finding the sjiecilic gravity of Ihe stone, sand ami ilust res|)Octively, and then 
calculating the jiroiHirtion of voids in a gnen volume I his may Ik? arrived at by 
finding the weight of a given volume nuKlcrafcly coinjiacteil, Ihe voids will then 
l)c found liy dividing the weight by the gravity, and subtracting the result from the 
volume 'I’he void.s are figured in fierceiilage 

Another method consists in filling a recejitacle of cvactly 1 cu ft. eji|)ncity with 
the aggregate moderately compacted A measured volume of water is ixiured into 
the receptacle until it i.s ready to ov<*rflow', tlie exact volume of water used Is'ing 
eijual to the volume of voids in the uggn'gate or filler under test. Ihe projwr- 
tion of bituminous binder to lie abided should Ik* calculated from the volume of 
voids in the completed mineral aggregate. In most eases the projKirtion of bitu¬ 
minous cement is exprc.s.sccl m pcrwiibige by u'fmht of the final mixture conbiining 
the aggregate. 'I'his, however, is liable to give misleading results, as correctly iH>iriled 
out by Hubbard,' who suggests that the s|)ecific gravity of both the aggregate and the 

"The Bitumen Content of Coarse Bituminoua A*ffegate»,'* Proe Inl. A$$<k Ttmng MaUnaU, 
Gth Congreaa, 11, XXV-2. 1912. 
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pure extracted bituminous cement should be reported. To show the fallacy of the 
method of expressing the proportion of bituminous cement by weight, Hubbard 
assumed the case of two aggregates both having the same percentage (0 per cent) 
by weigH of bituminous cement free from mineral matter, the aggregate in one cose 
having a specific gravity 2.50 and the pure bituminous cement 1.17, and in the 
other COM the aggregate 3.50 and the pure bituminous cement 0.96. The per* 
oentage of bituminous cement by vdume will, however, vary greatly as shown by the 
following figures: 



Per Cent 
by Weight. 

Specific 

(Iravily 

Proportion 
by Volume 

Per Cent 
by Volume. 

Pirtt mixture: 





Aggregate. 

94 

2 50 

;i7 (1 

88 

Pur* bitumiaoui cement. 

6 

1 17 

5 1 

12 

Totnl. 

100 



100 

Second mixture: 





Aggregate. 

94 

3 .50 

2«1 9 • 

HI 

Pure bituminous cement.. . 

«i 1 

0 -90 

U 3 

19 

Total. 

100 



IIMl 


It will be observed that although l)oth mixtures contain the Mmc (KTcontagt; 
of bituminot^ cement by weighti they show a variation of 7 per cent m their iK*r- 
centages expressed by volume, which is more than siifiicient to result in the success 
or failure of the paving mixture. The following figures show tlio relation of the 
percentages by volume and weight of a dense mixture us<'d for heavy trafiic (River* 
side Drive, New York City).’ 



Per Cent 
by Weight 

Per (Vnt 
by \’oliitiH‘ 

Pure aapbait (Bermudes) 

9 82 

22 48 

Portland cement 

to 25 

8 03 

Band. . ■ ■ . 

2C 04 

24.30 

Stone . 

63.29 

45 10 

Total 

100 00 

too 00 


SpeolBo gravity ftt 77^ F. when ultimately compresscii: 2 434 


In arriving at the proper proportions, neither th«* tlust nor the bituminous cement 
should be present in excess, as the former would tend to make the mixture diflicult 
to apply, and the latter would make it soft and mushy. 

Biteiminous concrete pavements may lie sulMlividetl into two classes, viz.: 

(1) Containing less than 10 per cent of stone passing a I-in. screen and having 
greater than 21 per cent of voids, liased on the so-called Topeka specification and 

(3) Containing greater than 10 per cent of stone passing a I-in. screen and 
having less than 21 per cent of voids in the mineral aggregate, based on the bitu* 
lIUuo specifioatioa." * Typical mixtures are included in the foUowing table: 

1 Priv»t* oommuaioAtloB from Gilford Riohordson. 

•£ini>od{«d ia V. a Fata. 67M30 of Jun. 4. 1901; 727,505 and 727.512 of May 5, 1903; 
75&,M5 of Sep. 15, 1903; all iMUfd to F. J. Worrfn. 
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Tojieka 



Kirhani- 

Him- 


iltebard- 

Wnah- 


Mix- 

1 sell in 

l soil III 

sons 

lithie 

Wsrren- 

son's 

iniion, 


ture 

N Y 

Spokane 

Mix- 

Mix- , 

ite. 

Mix- 

D. C 





lure 

tore 


lure 

1011-14 

I’awng 2<M)-mr8h 8U*vo 

5-11 

11 0 

4 8 ; 

8 7 

4 7 

5 10 I 

2 to 


r.itHiiig I(lU*moflh Move 



5 10 ' 

8 6 




3 10 

rusting 8()-tnPsh sk'VC. 


14 5 

10 20 

8 7 


15 20 


1-2 

Tatsmg 40-iuo«h-8ieve 

18-30 

18 0 

15-30 

23 2 




3 A 

r.issMig 10>mc8h sieve. 

25-65 

18 9 

2r>- 4tl 

10.G 

24 32 

5 10 

25 35 

15 30 

rttHsuig S-niesh sieve. 







1 3 

1-3 

I‘.i«'.ing J in. screen.. 

8-22 

10 1 

15-40 

22 0 

K-12 

5 10 

3 12 

3-20 

pausing 1 in screen. 

<10 

8.1 

<10 

10.0 

12-20 

10 20 

10 30 

15 25 










I(•'t!(llle<l on 1 in. screen 





.01 r>o i 

40 GO 

1 0 10 

0 20 

|{i(iiininous cenient 

7-11% 

8 O':; 

' 7 lOS' 

K 2% 

7 0|% 

5 10';; 

7 9%, 

7 8%, 

VokIh in nggregate 

>21% 


: >21'; 

>21'’c 

<21".. 

<21% 

15 20% 

20 21% 


Pcrcpntagem'XiirrMWii liv 


Hituminous Cement or Bimler. The bitiiniinous cement is semi- 
solid in consistency, and may Ix' compost'd of the groups of bituminous 
materials enumerated under “ Hituminous Mawidam ” (p. HOD). It 
sliould comply with the following characteristics: 



Tsr l*r«Hlu«ts 

1 Asphalttc ProilurtH 

\is<'(Hilv 1)V fl"«t lest at 122® F (Test Hr/) 

120 |M) 


F'-netrntion at 115® F (Test 95) 


<350 

IVnetriition at 77® F (Test 96) 


GO 120 

i'enelnitiim at 32® F (Test 96) 


>26 

Dui'tility at 77® F (Dow MethtsI, Test lOn) 

> to 

> 10 

Tensile strength ut 77® F. (Test 11) 

> 0 .5 ' 

>0 5 

FuKing-|>omt (K an<l S methotl, Test ITwi) 


KO 110® F 

Fnsmg-point (H ami 11 nieihotl, Test 156) 


100 135® K 

Fu8ing-pf>mt (Cube method, Test Kie) 

11.5 1.50^ 1 

<3% 

Volatile at 325® F. in five hours (Test ITsi) 


Perietrnimii rr-sidue at 77® F (Test 96) 


> 1 original pcnetratloii 

Volatile nt .500® F in four hours (Test IGo) 


<7% 

Flash-point (Test 17<i> 

Distillation lest (Test 20)’ 

>350® F. 

>400® F. 

To 170® C (by weight) 

<1% 


To 270® C (by weight) 

<10% 


To 300® C (bv weight) 

<20% 


Fusing-poiut fvaidue (Test 10c). 

<175® F. 

f > 05% for Trinidail binder 

Soluble in carbon disulphide (Test 21a) 


V ^ 95% for <»thrr tHoden 

Non-mineral matter insoluble (Test 216) 

, 15-25% 

<2i% 

<1% 

1 <30%, for Trinidad binder 

Mineral matter (Test 21c). 

1 <3i% fur other linden 

Carbenes (Test 22). 


<2% 

(Test 23). 


>T«% 
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The iinportiint feature« of the l)ituniinoufl cement are as follows: 

H) Its f)cnetration {Test 9/>) should l)e controne<l within definitely prescril)ed 
limits. 

(2) It shoulfl I>e .sliKhtly susceptible to temperature chanKOs (Test Orf). 

(11) It sliould fmsess Krcat ductdity (1’est lOrO- 

(4) It should have unvit Umsile strength (Test ll). 

(5) Ib should sliow but a small f)crcentage of volatile matter (Test !(>). 

(0) Asphaltic cements should contairi only small percentages of non-mineral 
matter insohible in carl)on disjilphide (Test 2lu), also carbeiies ('I'esf 22) 

(Joo<l results have been obtaine<l by utilizing the surbicmg materia! rifiped from 
old sheet asphalt pavements (p. dfiS), mixed witii a siutabh^ proportion of coarse 
stone, and enriched witli additional bituminous cement, softer than that ongiiially 
employed in the sheet asphalt surfacing mixture,' since tlie bituminous (‘oment of 
liituminous concrete pavements sliould be consnler.iblv soft<*r than that used m the 
wearing course of sfieet asphalt pavements. 'I'lie follow ing figures show the rela¬ 
tive [)cnetratioas at 77'* F. (nceillc iMuitrometer d'est ttb): 

Wearing surface of sheet asphalt pavements , ., .\vcrage of Go 

Bituminous cement in l)iluniinous comTcte pav<*mcnis Average of HU 

Bituminous binder in bituminous macadam pavements ,\verage of 120 

The greater the {MJrccntage of filler m (he aggregati', (lie softer fhe bituminous 
cement may be, and the larger its pro|)or(ion un*ori>ora(ed in the mixture (see 
Sheet Asphalt Pavements, p. HbD). 

/’rc/mri/iff and Appli/inti the. Mixture. Tlio iH'st. practiiT provides tliat 
the stone and sand (or (iller) sliidl lie lieiited separately in a rotary lieafer, 
as the partieles of sand due to their smaller size will la-at more rapidly. 
With tar products, the a)r(tfeKate should he healed not exeeedinn F., 
and with asphaltic products not exceediun lOO" F. 'I'he coarse and 
line portions of the heated affiri'isale respectively are stored in separate 
bins so that may he weinhed indiviilually.-' 'I’he hituminous cement 
should also he melted separately to a temi«'ralure coiTes[«>mlinn to that 
of the aggregate, whereupon suitable proportions of the stone, sand, 
filler and hituminous eeinent are mi.ved together in a twin-pug or other 
suitahle mixer (see p. d72) for at least one minute at a temiieralure of 
275 to 375° F. When thoroughly mixed, the hituminous concrete, now 
at a temperature of 250 to 325° F., is haiileil to the road in covered wagons, 
and spread on the street at 230 to 230° I’, with heated rakes or shovels 
forming a uniform layer of the ilesired Ihickne.ss. 'I’he mixture is theri'- 
upon compressed hy an S to lO-ton roller into a uniform layer either 2 
or 3 in. thick, de(x;nding uixin the severity of the traffic encountered. 
Another alternative, representing what is now considi'ied to he very good 
practice, consists in first applying 2 in. of clo.se hinder (see Sheet .\sphalt 
Pavement, p. 308), which in turn is surfaced with 1 to iH' of bitnminou.? 


' It. S. Put !).18.(i(l8 111 Nuv. 2, leOO lo J ,\ W, Pin, 
»Clifford Richardwn, Eng NfWf, 80, 100, 100§ 



BITIMINOVS l’AVIN(; MATKHIAI-S 


:!(i7 


concrete (asphaltic)- The read may lie tiiiislicil m (his mamicr, or it 
may bo finished l)y apiilyina a seal coal If willioiit the seal coat, a lisht 
diistiiiK of powdered hmcstoiic or Portland cement should !«• spread on 
the surface and rolled in. 

rinisliiliij ('o(i)'.se ;/((/(. s u'llli ti Suil ( ihiI. To ohtam tin' best 

results with coarse agfirefiates a seal coat shouhl !«• applied under pres¬ 
sure at 2(K) to 3i')0° h'., and manipulated in suhstaiiliall\ (he .same manner 
as deserihed for hituniinous siirfaeinas ("eariiet coats "i, iisinj' J to 1 
nal. per siiuare yard, covered with pi'a amvel or stone ehi)is (the pailieles 
measurinn to I in. in diameter) at the rate of I i-ii.mI per .'>(1 lo UK) 
s().yd., and firmly rolled in |)laee In some eases (he seal coat consists 
of the same hituniinous cement iisi'd for pre|)arniK the hitnnnnoiis eon- 
erete, and in other instances a harder hitummous eenient, leslinjj as follows: 


(TC-..I IIM 


(T.'st l.VO 
(Tist l.’.M 
(T.st l.vi 
(Tcft Itnl) 


17(i> 
(T*"! Uht) 


l’< IK Ir.ltKUl tl 11 *> ’ I 
I'l III .il 77" r 

i'< III I I tl lull III d_'' I 
I IlsIlH'-pnlllt iK IImI > lll'tluuh 
1 tl'IIIU-I'<i|llt HkI II Iiiilliiull 

I ll■‘lll^’-p'>lllt (< III" III' I l''nl ' 

\oll»(ll< Ilf {-’■<' I III 11" ll"'II' 

1*1 in'ir.iiK'n n 'hIh'’ i' 77” I 
I’l ti< ir»ii"ii r' -i'lu< i» ' 

\ i.l'iiil' It ■><><•'’ I 111 t"'ir li'>'ii' 

1 I t-ll-IX'IIlt 

Dll' I lilt \ Ilf 77 ’ I <1 >"« i‘" I *•' ”1' 


] 1 ss t|,t.i. HKt 
(,<) tfi 

i If it' r ill nil 10 
nil ir. I 
I ill I tfi” I 
17-. dIHI' 1 
I . s. thw,. 1', 

I ir< It' r til'll' 7'i 
1 ,P It. f tl, III HI 
I . • til III I' , 

I .r. It' r tl. Ill ttxt' I 

( Ml .(. I tli'ilJ J 


The IVIl..,ll,l.,a l.-ls in e.llin la-e slinnM I-' H"' :e inr Ihe n'lnelll in Ihe 

bltlHlIltMUiS COJIi'lflf ! I\f'l 

W lien properh , un-t lu. 0'I, l.iliniiinmi' inniTele o 
a.s illiralile as alo Imiii of l.ltuliiliioiis pivelM. iil, I'Ul IK lo-l I- lilldi h leo Hie 
ailva.ltaae over tlie -1,,'... ,,-pliall piMiMeiil ,n l..■„.r I' - 'lil'P".' m «et III lleeoor 
weather, line lo tlie ani eiMlie,l,l,..l M, ll.e -...Hn I a'l'ires are till' III l.ns. iM" 
foiiiiilaliim, the improper propel I loimia of tlie .laroI'e, o: tlie iw o .i ulilimn m 
n'nK'iit of fault \ flmr.irtfintif' 


Sheet-asphalt Pavements, .\ s|,eet -asphalt paiernent is one pre¬ 
pared hv the niixina nielhod, ... mte,mediate or Iniider eonrse 

of hituniinous eonerete, and a weainia eonrse eoni|«.sed of aspliaitie 
eenient and sand of i/on/on/. ""h or without the addition 

of mineral filler (diisll. 

/'•oimi/iihiii, nr Unx, ( our.,. The foundation or base eiiur.se may 
consist of a hriek or a hleek pavenieiil, and sometimes old maeadain 
The most s.atisfaetorv foundation is eom|«.sed of |■oltland-<■enlent eonere e 

4 to in. thick, deismil.m: upon the si'ieiity of Irallie, . eonerete 

.should consist of I'oitland eenieiil. uravel or hrokeii stone, and sand in 
pro,sirtions raiiRi.iK from 1:2: to 1:3: h, de,H.ndniK u[K.n the nature 
of the a,!grepate available. The surface of the hydrauhe eoii.Tete should 
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be levelled carefully and finished smooth, since any irregularities will be 
transmitted to the wearing course, giving it an uneven siirfaee. 

Inlermediate or Hinder Course. This may 1« ehissified in two typos 
known as “ open hinder ” and “ close binder ” respectively. The former 
corresponds to the ungraded coarse-aggregate bituminous concrete, and 
the latte.r to a graded bituminous concrete. Asphaltic cement is used in 
both cases. The lander eourse is constructed 1 to 2 in thick after com¬ 
pression, depending upon tlie severity of the traffic. 

The open binder is prepared from broken stone, the fragments of which 
arc largely of one size, ranging from fj to 1 in. in diameter. No attempt is 
made to secure a graded aggregate or a dense mixture hvo from voids. 
Trap rock or hard and tough limestone (non-crystalline) is best suited for 
the purpose, although in certain eases granite may be used where the other 
rocks are not procurable. 

The average weight of crushed stone suitable for the binder eourse 
approximates 100 lb. per cubic foot, ro(iuiring '.i] to i>] per cent by weight 
of asphaltic cement. It is pn^pared and laid in the same manner as bitu¬ 
minous concrete pavements. T’he same asphaltic cement may be used in 
the open type of intermediate eourse as in the surface course (see p. .170). 

A close binder is better adapted to withstand heavy traffic than an 
open binder, and is now largely Ix-ing used in place of the latter. It is 
prepared in the same manner as asphal'ic concrete (see p. ami is 
laid in a course mciusuring t to 2 in. thick when compressetl. Old asphalt 
pavements as they are remov(!d from the street preparatory to resur¬ 
facing are often converted into clo.se binder, as previously descrilx'd, by 
heating with steam and mixing iti broken stoiu' ami asplmltic cement to 
increase the percentage and .soften the consistency of the cement present 
in the old mixture. 

Surface or Wearing Course. This is composed of a graded sand, filler 
and asphaltic cement. The durability of the pavement will deix'nd: 

(1) Upon the care with which the mineral aggregate is graded. 

(2) Upon the percentage and characteristics of the asphaltic cement. 

The following points arc of importance in arriving at the basis of a 
proper surface mixture: ‘ 

(1) Aggregate passing a 200-mesh sieve. 

(2) Aggregate passing 80- but ix'tained on a 200-mcsh sieve. 

(3) Aggregate passing 40- but retained on an 80-mesh sieve. 

(4) Aggregate passing 10- but retained on a 40-mcsh sieve. 

(5) Aggregate retained by a 10-mesh sieve. 

(6) Pure asphalt present (free from mineral constituents) 

‘ For an cxpUnalum of tjic various cipvea usi-d, >*«* p. MO. 



RirrMiNors p.wino mati:kiai.s 


m) 


The following mixtures have giv('M gtMni results; 



SuxiFlCKTlONS. POHOI <.ll 

^ Ht( It \hi)Sun'h 

1 

; Fot^m At ^ . 


or Ma.miatt^s 

1 Sen im A'riesi* 

N ^ CiTi 


Mi'diuiu 

j Heaw 

Meitiuin 

1 lltliw 

I Ueaiv 


Traffic 

■ Traffic 

j Tratfjc 

Traffic 

1 ‘I'rnffir 


per ('em 

1 Per 

per Cent 

Pit (‘< uI 

1 Pir (Xnt 

Parsing 200-mo8h 

12-lK 

1 13-20 

10 0 ! 

I.l 0 

17 4 

PiiHwiiig 80. retained 200 1 

10 :t0 

! 13-.30 

IK 0 1 

20 0 

33 4 

Pa^Hiiig 40, retained 80 

20-5.) 

I 20 55 

3M 0 

31 .5 

1 32 1 

PaiwiuK 10, relnined 40 

10 :t.5 

10 311 

1 21 0 

to 0 

21 5 

Uetuiacd lO'ineah 

(1 

" 

1 0 u i 

0 U 

3 7 

.\'<ptialMe ccmciit (juinO | 

1 

a . . 12 •. 

m 11 12 

Ml (1 1 

Ml 

10 0 


A proiK*rly l):ilanoo«l inineral an>U‘“U.Ui‘ cnni iin ^ullicu'ntlv tirn' nmlenal 

" f)af'SiiiK 2(M)*iiiesh,” to loako tin* pavciniMil foiijth, slightly mis- 

ceptiblo to tomiK'raturc diantiCN uiiafTn-toil l)y wnu-t. -ind not Iiabk* to dihpliurihoitt 
ill sorvire. Too much matcnal “ pas'^mn 2iM)-in*‘sh ’ will cause ihc pavement to 
“ball up” and pix'vent it from spreadin>i ea'^ily ulnie in a healed «-ondi(ioti; it is 
also apt to make the riiii'^lied pavement “ minhy ” ami lialtie to iiideiitations; and 
It will consume an excess of a^plialtic eemeiit. at a eorresiKUidniKly mcream'd e\- 
|>ense. The fine material “ pa.•'^Ml^J: 2<Mt-me-*li ” is imuallv added m the hirm of 
“ Idler," or “dust” (see )> dtiif), the uuaiititv of wlm-h will dc|a*iid laruely upon 
whether or not tlie asphaltie cement itself eoiitams mineral matter 'I'liiis m tlie 
rase of the Trinidad U'^phaltic r-ement, naturalh eoiilaimiij; a ixTcenlaKc of clay and 
Pilica, 20 |)cr cent Ic'"- Idler immt be mldetl than \Mlh a Itermmh'/. a^phaltii' ei'inent 
almost free from associated mineral eonstiliients 'l lie ipianlitv of tiller to Is* atided to 
the saml should be regulated ilial the stiif.i'-e mixl.iie will lontain not h'ss than 10 
JHT cent “ j)assiMK 2tX)-im*'-h ’ uIkui tlie pa\em«“iit e to Ih* subje« le<l to iii<)<|(>ratc trallic 
comlitmns, nor more than IS |K‘r <•(• 111 , uhim intendei! to uithstaml l»*avy trathe. 

The agKrctiate must contain sufhcient partKlcs “ passitiK SO but n^tained on a 2(X)- 
mesh sieve ” to overcome the tc!idoiic> of the Idler to ” ball up ” the surface mixture 
while It IS Ijciiik spread on tiu' pavement, eiiabhnu tlie mixtim’ to spread out easily tuid 
form a dense surface under compresMon. eapaldc of roi-liiiK the action of water. 

The particles “ piewuiK 10 but n-laincfl on a ■Pl-mcsh sic\e” fmrn the “ back- 
lK)ne ” of the |>avement, as it were, pn-vciitintr the mixture from iHU'otniiiK thsplaced 
in st‘rvice, and forming a less shp|ier> wcarini: .‘‘Urface 

Asplialtic cement should Ik* pr(*s<*iif in just sidlicieiil (p*'**dity to e<unp)etidy fill 
tlie voids in the ajciir(*f£ate after compres'*ioii I‘k> litiK* will form a pavcinenl 
lucking strength, and liable to crack uism Uuiig subjected to chungcH m feini»era- 
ture Too large a pro|K)rtion will make tin* surface nnxfun* “ niushv so that the 
particles of .sand arc apt to Ik'coiiic displaced umicr traffic Mo<lern practice ciiHh 
for 9 to 17 jier cent of aspimllic ecincnt. dcismdmg u|s)n the character of the aggre¬ 
gate and the comlitions under which tin* pavement will Ik* RulijccU’d. Hicluirtlson 
has pjitentcd a mixture containing at least 10 |K*r cent mineral piirlicles pjuwmg 
200-, 100- and 80-nicsh sieves rc'siieclivcly, uml not less tlian lOJ per wnt pure 
asphalt.* 

' U S. Pftt. 007384 of Jut 20. ISOS to CUfl'«»rd Richar<i»on. 
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It Is unusual to find one sund fuliilling all of the forcKoing requirementM. (len- 
emlly two or more sands must l)e blended together, and a suitable pro|K)rtion of 
filler added, to produce an aggregate of the optimum characteristics. Itichanlson 
makes a special virtue of the fact that refined Trinidad asphalt contains naturally 
about 27 per cent filler composed largely of “ colloidal ” jwirticles.* In some cases 
an aqueous paste of " c'olloidal ” <'lay is purjKxsely adiled to jnire asphalts to sim¬ 
ulate the-Trinidad mixture.- Oklahoma rock as[)hal(.s carrying about 12 per cent 
of pure asphalt are well suited for eoiistrueling sliect a.splialt pavements, lus they 
are resistant towards atmospheric conditions and do not Ixaome linlllc at low 
temperatures, thus resembling the S(*yssel and Neucliatel asphalts.* It is estimated 
that 2i-bli million tons aro uvailalile.* 

The following figures show the relation l>etwcen the f>erccntages fiy weight and 
volume in a standard surface mixture.'’ 



Uv V\ eight 

Pit Cent 

Il.V \olunie 

Pit ('ent 

Pure asphalt eemeiit 

10 

23 1 

Passing 20()-meHh swve 

I.{ 0 

11 4 

Passing lOU-mesh smve 

13 0 

11 1 

Passing HO-mesh sieve 

l.t 0 

n 1 

Passing AO-mesh «iev<* 

23 .> 

20 0 

Passing 4U-mesh sie\ e 

11 0 

0 4 

Passing SO-inesh sieve 

8 t) 

ti H 

PnsHing 2U*meBh sieve 

5 0 

4 3 

Passing lO-mesb sieve 

.3 t) 

2 8 


100 0 

ItIO II 


Asphaltic Cement. The asphaltic cctiicnt should Ik* somewhat liardcr 
than that used in bituminous concrete pavements, complying \vi»h tiie fol¬ 
lowing characteristics: 


(Test 86) 

Float test at 150® F* 

l.ess than 10 nilnutes 

(Test 96) 

Penetration at 11.5“ F» 

r.eis than 300 


Penetration at 77“ F* 

2.5 4.5 


Penetration at .32“ F* 

(•niitiT tiinii 10 

(Test 10a) 

Ductility at 77“ F (Dow inetliod) 

(in-uter than 20 

(Test 15 a) 

Fusing-point (K and .K method) * 

IMl 12<i'’ F 

(Test 156) 

Fusing-point (11 and U method) * 

10.5 140“ F. 


* “ Th<' Thoory of the iVrfppt Shoot ADphuit .Siirfaoo.” Cliflonl Ui'-liarUHoti. J Itid Eno Chem , 

T, 403, lOir*; " Importonco i)f tho Itoiatioii of .Solul Surfiio*-* amt FiIihh iti Somo Typo» 

o( EiJitinoorniji CoiiBtr«i*tioi>,” (’liffonl Hjohiir«lHi>n, Proe. tt'tshni Engtunr.'i, ChionKO. Nov. 
20, 1910. 

MI. S. Pflta. 1,198,769 niul 1,108.955 of S<-p. 10, 1010 to CIifTonl ItK-hanfson 

* *'W«>»ibPring of Rook Asphalts of I', S in Pan'nii-iit.'*,” S F IVckhnni, Trant Am ln*l 
Cktm. Snff. S. 245. 1913. 

* “Oklahoma Rock Asphalls for PaMns,” L. C. Siudcr, J Soc Ch<m Ind, S4, 30. 191.5 

* Private rommunication from Difford Kirhardson 

*Thc float, penetration and fusmg-point tests apply to purr asphaltic comvnt free from mineral 
eonatituenU. In the eaae of Trinidad asphaltic cement these tests should be performed on the por¬ 
tion aolublo in carbon disulphide, since the presence of mineral matter increases both the hard¬ 
ness and the fusing-point of bituminous miitures (see p. 346). This ts tmportani and should not 
be overlooked 
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(Toft 16«) 

(Teit 17a) 
(Tcit 21a) 

(Tost 216) 
(Te«t 2Ic) 

{T<*9t 22) 
(Tost 23) 


Volatile matter a> 32.)® K m hrs T-oss than 3^ 

PonPtrnti<)n of re'^nluo li^'nt•‘r than 1 of tbs 

oriKiiutl iH'iii-trstion 

FlHf*h-pi'iiit (IVimkj'Marteii!* tc.-^i.T) (Ireater tliuii 3.'»U* F. 

Soluble HI carbon dnmlphule. 

In the OHSc of Trmulml imphaluo ociiient (Jr-ater than 

In tho cime of other a.-phaUie ('ejuriits tireatir thnn Wri 

Kon-tiiinoral matter inM>lul>h- 

In th»* lasf of all nsiphaltK- nnoutH I.««w tliaii 3‘i 

Mmornl inattor. 

Ill the puw* of Tnmdad n-plialiie ceiiH-ni few than 

In the case of oth<r a-pliallie I‘-m than 4'I- 

Carbones . I*"'' ‘han 2'c 

Solubility of non*miinTHl con^tiiuiiit'* in n.*'" 

naphtha (Jn-.ai.r than 70% 


Tvpiful a.'^phtiltic (TiiM*iits preptircd from Tritiulati ninl liprimidfr. iwphalU, 
reaiiectivcly, Ity fluxinjt tho rolined jisplmlt \Mth a rt'Milual oil lionvoil fn»in a inixoil- 
bu.se iKJtroleuiu test as followh: 


(Test 7) 
(Tc-st 96) 


(Test 9c) 


(Te>»t U<1) 
(Test 106) 


(Test 11) 


(Test r«i) 
(Te-t l.')6) 
(Test l.V) 
(Test UVi) 
(Test 17a) 
(Test 19) 

(Test 21a) 
(Test 216) 
(Teat 21c) 


(Test 22) 
(Teat 2.1) 


Speeifie (jraMlv at 77° 1' ! 

I’l-iieiralion at 11.''° I' 

Pi'netr.ition at 77° I 
Peiietraliou .it 32° I 
ConHHtene\ at II.')'’ h 

CotisisteiHy 'll 77° I 
<’OMSi.st<-iiey at .12° I' 

Huweptibllilv f.'Ml"f 
l)iictllit> at ll-'i" I' 

Diietility at 77° V 
Duetililv at 32° I' 

'l\‘iisile Mireiijrth at U'»° 1 
'reii'ile Htfnuth at 77° 1 
TriMile •<tr<‘nnlh at 32° 1 
[■iiHitin-point /K anil S ii.iilio.l) 
FuMiiiK-poiiit (H anil If imth-xli 
FuHIlIt-point ((’lllie liiefhiull 
Volatile matter at 323° 1 m ■> hr-« 
Flash-point 
l-ixed earboii 

Soluble III < arbor. .Iisnlphi-le • 
Non-mmiTHl matter iii-<3iilile * 

Mlturnl iiiattir 

Total 

Cnrhenca ^ 

Ni.i.-miiiiral n. 

nuphihu 

• Inibnlinit wnt<r of h)il 


\-phailie Ci iiK at , 

,\n|>liii 1 lie Ometii 

I’rep.ireil from 1 

I'f pareif from 

1 riiiKi.'iil \nphalt 1 

iieriiiuili ( .^Nphalt 

1 2i5 

1 t»7 


223 

1 

li.3 

12 


2 3 

7 '• 

H 0 

{ 7 

<.2 2 

r. 2 

.33 0 

r. 

17 .3 

21 .'> 

17 

1 

(1 

tt 23 

0 .3 

i» 73 

r> 

1 1 

1 14 

ir." 1 

U.3° F 

H.r 1- 

i;iir 

ns" 1 

i 1 '.ti" F 

2 .3' 

3 2';. 

T.is” r 

34<I'’ F 

6 1 

U K 

<13 7% 

97 (\% 

4 H', 

2 1% 

29 r*‘i 

0 .t :, 

!<M» 9'; 

lot) O'J, 

U I','. 

0 2% 

71 2‘/r 

1 

I 7fl 8% 

li.lj Isie j> 113). 


Pttving oeinontii 
residual oil having a 
iC S 


h'lVi! Ih-i-ii |Kil<'nl.-il r<.n.|H>«'(l of mixtiircs o.' Kilwjnito ami 
,)cnotr.ition ■.t 77" F. of M to 100'; also ii.ixUirca of nativt 
P.t i(SI.2"5 of J«n 10. 1101 *» C'liO<’'0 
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AKI'HALTS AND AIJAKD HURSTANCKS 


asphalt* cairyinn loosely combined aiilphur-comiKMinda heated together with yul- 
csnizable vegetable oils.' 

Preparing and Applying the Wearing or Surface Course. The aggregate 
should be heated to a uniform temperature between 250 and 375° F., the 
asphaltic cement to a temperature t)etween 250 and 350° F., and the two 
mixed together in the required proportions. A special form of mixer 
used for this purpose is illustrated in Fig. 117. The mixing i.s continued 



l‘'i(i. 117. -.Mixi'r for Prcpariiig I’aviiiK ('ornpo'-iliori'. 


for at least two minutes. The mixture is lirouglit to the slrcet in covered 
wagons, deposited at not less than 225 to 275° F. and raked into a layer 
which after compression with a roller weighing 8 to 10 tons, will form a 
wearing surface of uniform thickness from I to 2i in. (h'lx'nding upon the 
conditions to which the road will ho subjected, lleforc the final rolling, 
the surface should Im dusted with Portland cement or other fine 
powder. 

The deterioration of sheet lusphalt pavements is due to: 

(1) Defective eonstruetion, including improper proiiortioning of the ingredients. 

(2) The actual wear and tear of traffic. 

(3) Aging due to ex|)osure to the elements. 


■ U. 8. P«t. I,I63..TO.1 nt IVr. 7, 1015 to C. N. Forr.-..t. 
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(4) Unfavorable environment inelucliiin severe ebmalie eoiulitions, water, illu¬ 
minating gas, ete. 

These defects, due to one cause or another will manifest themselves by eraeks, 
general disintegration of the surface, fornialion of waves, depmssions, holes, chi|>- 
ping or peeling of the wearing course, etc. 

Asphalt Block Pavements. Tlie.st' arc similar in rompositioil to the 
wearing eotirse of sheet tisplialt pavements, and in luldilion contain snmr 
broken stone or grit lui-ssing ;i J-in. screen bul ri'laincd on a Kl-niesli sieve 
also line filler. Thtt To|K‘ka s|K‘cilications (p. Util) luive Is'cii largely 
list'd for this i)ur|)o.se. It is tidvistihh' lhal there should Is' piv.sent at 
Iciust 20 ix'f cent of filler ])a.s.siiig a 2tK)-mesh sieve, and not more than 3 
|H'r cent of grit retained on a [-in. sens'ii. The aggregate should aeeoid- 
ingly Ix' eoniix).sed of a mixiure of grit, sand (or mixture of sands) ami 
filler, in such pro|)ortions as to seeuie the minimum |s'reeiilage of voids.' 

From t) to i) iier cent of asjihaltie eement should be ii.sed, having a lower 
|X'netration than the eement used in the surface mixture of sliit't asphalt 
pavements (p. 37t)) but of a higher fiisiiig-iioiiit (i.e., I7.'i to 2tKI'’ F., 
M. and U. metlaxl, 'lest 1.')/)) to prevent the blix'ks Ix'eoming distorted 
during transixirtation, or when exjxised in piles to the heat of Ihi' .sun. 

The blocks usually iiieiusiire 12 in. long by .h in. wide, and either 2, 2[., 
ii, 1 or .) in. deep. 'I’liey are made by eompressing in molds at a iiKKle'ately 
high temix'ratiire (;i(K)° F.) under a liressiiie i f 2 to 3 tons [ler sipiare inch. 
'I’lieir stx'cifie gravity at lit)” F. should not be less than 2..'i0 if tra|)-roek 
grit is ii-sed, nor less than 2.3.) when the grit is eom|X!sed of limestone. 

Fountlaiioit Of liofic. Asphalt blocks may lie laid on a foundation 
consisting of gravel, inaeadain or ]irefi'iabl\ ei iierete. I he foundation 
course should lie eovereil with a “ eilshioii or “ bedding course, eomiKisial 
t'ithi'r of .sand 1 in. thii’k, or eement mortar t in. thick, and tla* blinks 
embedded in the latter iH'fore it eomnienees to M't. 

hnjimj the HlocU. Blocks are laid elo.se together, re.sting on the 12 
by 5-in. surfaces extending lengthwise aeross the street, the joints la'iiig 
broken 4 in. They should be wedged together a.s firmly as jxiRsibli' to 
close the joints Ix'twi'en tliein, and ramliiiHl into place. After iK'iiig 
laid, the blmks are given a light coat of sliaip, line sand, well brixiined 
into the joints, and tlii' iiaveineiit o|H*ned to traflie in three to four days. 

Asiihiilt block.') have improved greatly m llte la-l lew yciirs iind are now eiipiiblo 
of wilbst.indmg .severe trnffic coiiditioim willioiil fr.icliinng 'I'tiey are slightly 
more ex|wn.sive than a sheet asphalt pavement, but isTiiiit repairs leiiig elTeelial 
more readily, anil insure a more iiiiiforiii riiin|a>siliiiii aWi a greater fimsloin from 
Btruetiiral fnull.s 

• L' S pftt of Nfay 7. 1907 to CliffonJ 
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The great difficulty encountered in profwrtioning the Idocks is to manufacture 
them sufficiently hard and infusible to withstjiml transportation, and at the same 
time prevent the pavement l)oing brittle in si«rvice. This may bo efTected by using 
a binder having a moileratc jx'uelration and a high fusing-[K)int. When properly 
made, the blocks will wehl together after a time, uiwn being subjected to traffic, 
80 that the joints l)etwecn them will licconie almost invisible. Sometimes they are 
anchored* in ])Iace with metal roils to [irevent the blocks shifting. If the binder is 
too hard ami brittle, insU*ad of the blocks welding, the edges will chip and spall 
On the other hand, if the binder is too soft or fusible, the blocks will lose their 
6ha|)e, becoming distorted, even before they are laid in place. 

Asphalt tiles suitable for paving floors and sidewalks are prepared in a similar 
manner. 'Phey arc stampial out in siiuarc or hexagonal units 'Phe large square 
(8X21 in.) or hexagonal (10X2J in,) tiles are laid on a foundation coasisting of 
6 to 8 in. of gravel and sand, and the small hexagonal tiles (tiXl m.), are laid on a 
3-in. foundation, in I'ither eas<‘ surfaced with 2 uf mortar. 

Asphalt Mastic Foot-pavements and Floors. In the United States, 
a-sphalt mastic is restricted to the eonstrnetion of foot pavements and 
floors, for waterprooliiiK railway bridKcs (p. also for lining reservoirs 
and tanks. In composition, it is similar to the To|K‘ka asphaltic concrete 
(p. 31)I), hilt it contains a larger ])erecntage of asphaltie-eement, so that 
it may l)e laid with (treater facility. It is dillerentialed from bituminous 
eoiierete, sheet asphalt pavements, etc., by the fael that the asphalt 
mastic on heiiip heated forms a thick and slowly flowint* mass which may 
be poi/red into place. 'I’he mixliire on heinp allowed to cool partially, 
is eompriHsed hy hand-1 rowelliiift to a smooth surface. Asphaltic con¬ 
crete and sheet asphalt pavements on the other hand, do nol melt when 
heated, but form an adlierent, powdery mass, which iiiroii beiiifi shovelled 
into place and raked smooth, reiinire eompres.sion underneath heavy 
rollers, to properly compact them. 

Anphiiltn l\ml. yVsphalt m.astic work constituted the earliest lyjs' of 
asphalt pavement (p. 1.')), and few ehannes have been made in its mode 
of application since the inception of tlie industry. The first products 
used in asphalt miustic const met ion weiv the native “rock lusplmlts,” 
including Val de Travers, I.immer, .Seys,sol, and later on Ifagusa. The 
refined rock asphalt (previously hi'ated to expel the moisture and volatile 
oils) was first “cooked ” over an o|X'ii fire in a suitable melting tank provided 
with a stirrer, and combined with a purer native asphalt, as for example 
Trinidad (of which about 8 or 10 per cent was used). Bermudez, or with a 
residual asphalt, so the finished liateh carried 12 to 18 per cent of pure 
asphalt, the ba'ance being eomiiosed of finely divided mineral matter 
(calcium carlponate, silica, iron and aluminium oxides, etc.). The cooking 
was performed at 350 to 400° F. The mass was then run into suitable 
molds and thus cast into flat cakes weighing .50 to 00 lb. each, customarily 




Hri'l'MIXOrs I’AVINd MAI'KHIALS 


•iir, 


stunipcd with tiic nainp of the asphalt usod. Those oakos wore known iis 
“ rock asphalt mastic.’ To-day tlioy arc prepared from Trinidad asphalt, 
mi.vtures of asphaltites and Hux, blown ix'troleum asphalts and msidnal 
asphalts, combined with calcium carbonate or finely ]X)wdered silica, 
all the ingredients Ix'ing combined at once in a [xatable rotary mixer. 
The native rock asphalts first mentioned are all .still lieing used abroad. 

The cakes of mastic upon l>eintt trans|X)rted to the place where they 
are to lx> used, are melted with an additional quantity of “ liux," ' 
and mixed with sand and fine (iravel or “ grit," in the pro|X)rtiou of alxiut 
I to 

A bmml of rnastic floonuK J»n‘|»ar<‘tl from a mixture of asphalliteanti re>Hlu,il oil, 
which lias jjivt’ii very results in s(>rvice. was fimiul on aiialysiH to contain 

15 j>cr cent of jmre asphalt, which in turn testetl as follows- 


(T.st 
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(’niixistencA 

ut 

:V2° V 

4 

(Text 

y(/i 
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and S nil (Inuh 
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(Text 

l.V.) 

Fuxmg*i'‘'0'i 
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and It ini'lhnii) 

21W® F 

Afithofh itf 

Prijuirotton 

A 

welhknown niiinufai 

turer recoinmemls the follow’ing 


pro|)ort ions: 

■''Dif tiii\(iir< >>11111 odiixist |i\ wi mill (if 

ll()(k jt'phtill tiiiixtK Fniiii to TiT purtH 

Slitiri) ‘If' sand attd itrit I nnii .'Hi l<> Hs |iart» 

Hii\ I roiii a l<i r> jinila 


Total inn jnn 

“The sand and ^rit to he dr>, sharji and so graded that tlie voids shall In* re- 
dueetl to a nunimum, none of the ptirlicles ninniiiK over i-in in tliaineter 
these inateriaLs to la* inixtai in mastic kidtlcs in the usual manner (the kettle tein- 
|K*rature at no tune to exceed dtKF’ V », ami sprcatl at a teinis*rature of fn>m dOtr 
to d2.V !•' . After spreatlinjj and as tlu* hot mastic cimiIs and sets, it shall las 

lightly sprinkled with hard s.-iml and nihlMsl up to a smootli surface finish hy meatiM 
of (he usual siiKKitliinn (<K)1 s or floats" (kijc ll.S) 

The r(K‘k asphalt mastic contains ](> {mt cent hy weight of pure asphalt, and the 
finished mixture including the flux is com|)Osed of tlie following: 

Pur*' nsplirtll 17 K 14 

Fitich dnuli’d mirnrfil matter iio wiit in muntie 411 2 47 

Sand aii't xrit fulded :in o :ot (i^{, 

Total 100 n ItXI 0% 

'The '* fl»i» " mu> rr.nnift either <*( refiiie<i Trinidad aaphult. nr »ta e^iunalent ifnaingat abonl 
100® F. K and S niethndi, tor hardening inaaO' llonrt mibjedexl tn high tetniSTalnriii. or a ithhI**- 
rately aott aaphalt dninng between 13.'’> and 15.^® V . K and 8 melb<sl. rs’netrafmn at 77® 

40 to 80. duetibty by Dow method at 77® K 10 to 30) (nr ardtening the maatie where the floopa 
must remain olaatie under reduce*! letnjieraturci 
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The quantities required to lay 1 cu. yd. (equivalent to 324 sq. ft. 1 in. thick) 
are as follows: 



' Fluxed Giiaonite 

Maatic, 

1 Lba. 

j 

Limmor or 
Vorwuhle Mastic, 
Lba 

Rook Mphalt mantic 

2170-2170 

2540-2680 

Hand and grit. 

1430-14S5 

1195-1350 

Flui . .... 

275- 200 

165-170 

Total . 

3875-.3825 

3900-4200 



The LimriMT and Vorvol.le n)ck asphalt mastics (•ontaine<l 15 per cent of pure 
asphalt, and the hnisluMl (umpositiun 13.(5-14.2 per cent. 

1’he completed mixture contains therefore twice as much asphaltic cement as an 
asphalt concrete paveuient, which accounts for the fact that the mastic may be 

melted and /K>umf. The hnely divided mineral 
matter present in the rock asphalt mastic assumes 
the role of “ filler.” llie flux is not combined 
with the rock asphalt mtistic in the oriKinal 
procc.sH of manufacture l)eeauso it is necessary 
to vary the consistency of the mastic for differ¬ 
ent pur{)oses, by adding a larger or smaller 
proportion of the flux. 

Mastic floors and pavements may l)e laid 
over wood, concrete or masonry, in thicknesses 
varying from 1 to 2 in., dc|>ending upon the 
amount of traffic to which they will l)e .subjected 
If the floor is over 1 in. thick, the mastic should 
l)e laid in two layers of ecpial thickness, breaking 
joints. When laid over wooden floors, a shci't 
of tar- or asphalt-saturated felt (p. 307) is 
first applied to prevent any trouble resulting 
from the wood shrinking umlerneuth the mastic. 
. . . When used for pavements out of doors, the 

F.Q.118.-ToolaforFimshmgMa8tic ^ Portland-oernent 

^ concrete foimdation not leas than 3 in. thick. 

Additional fonnulas based on the use of 
mastic prepared from Trinidad asphalt proportioned so the finished mixture will 
carry approximately 12 per cent of pure asphalt, are included in Table XXXI. 

The ingredients are combined in a kettle over direct fire heat, with continual 
stilting to prevent local overheating or carbonisation, or in a mechanical mixing 
machine having a rated capacity of 185 sq.ft, of finished mastic 1 in. thick per 
hour. The mixture is dipped from the kettle or mbcer with iron buckets and poured 
upon the dry and properly graded foundation. Its consistency is such that it will 
flow slowly, and the spreading and smoothing are performed with the trowels, the 
operation being similar to plastering. 

When the flooring is apt to come in contact with acids, m manufacturing estab- 
li^unents or storage battery rooms, the rock asphalt mastic must be prepared with 


StttI hoo{»cd wooden' piil for fiwuurinK 
mmI and |fil and for carrying boi nisturr 
Mlilng and cooking krUtr 
Stlrnr tor aglutiog hot maM in kettle 
Shovel for taking not mUture from keitir 
. Soalttia or agteading tool. 

. float or tnwothing tool. 
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TABLE XXXI 
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finely bolted silica as filler in place of calciiun carlK)nate. Where the wear is par¬ 
ticularly severe or a specially durable floor or pavement is to Ije constructed, the 
mastic is customarily laid on a metal frame or ^rid, which becomes embedded in the 
floor and reinforces it in the same manner as the reinforcing metal in concrete 
The metal Incomes exposed as the floor wears down and retards further attrition. 

Asphalt mastic may also be used for constructing foundations of engines, trip, 
hammers, or other heavy vilmiting machinery, to deaden sound and concussion. 
In this case 40 jier cent by weight of the mastic is mixed with 60 per cent by 
weight of broken stone, and tam|)p(l into place. It also finds a particular sphere 
of usefulness for waterproofing railway bridges subjected to severe vibration (soc 
p. 432). 

In Europe, asphalt mastic is also used for finishing the roofs of buildings, applied 
in two layers totalling ] to 1 in. thick, also for the construction of subgnide water¬ 
proofing, including the " dumpeourseof buildings. It docs not, however, give 
satisfactory results on mtical surfaces exposed to the weather. 

Bituminized Wood-block Pavements. f’rcHisotod wood-lilocks arc 
being U 80 <l exten.sively for paving roads, foot-pal Iis, floors of buildings, 
etc. 

Methwh of Impregnotiom. The “ Proposed Tentative Six'cifieations 
for Wooden Paving IBooks ” issued by the American vSocicty for Testing 
Materials, 1917, |)rovide that: 

" The wooil, which shall bo treated, shall Ikj Southern yellow pine, Douglas fir, 
tamarack, Norway |)ine. hemlock, or black gum. Only one kind of woo<l .shall lie 
iwed in any one contract. The blocks shall sound and must 1 k‘ well maimfat*- 
factured, square-butted, square-edged, free from unsound, loo.se or hollow knots, 
knot holes, worm holes, and other defects such iis .shake-s, checks, etc, that would 
i)C detrimental to the blocks. 

The numiHT of annual rings in the l-in. which l)cgitis 2-ni, from the pith of 
the block shall not Ik' lens than .six, measured radially; provakal, however, that 
blocks containing In'twecn five ami six rings m this mch .shall l)e acce|)h'(l if they 
contain 331 |)pr cent or more snmmerwojMl. In caw* the l>lock docs not <-ontain 
the pith, the l-in. to Ik‘ iml .shall begin l-m. away fniin tlu; ring which is nearest 
to the heart of the lilock. The blocks in each cluirgc shall contain an average t)f 
at least 7(t tier cent, of heartwood No one block shall l>c accepted that contain.'} 
less then Tit) |s'r <s'iit of Ix'arlwocHl." 

The size the blocks ranges as follows: 

IVptli Itelwts'n 3 and 4 in. dei)emlmg n|)on the .sc'venly of the traffie to which 
they are to lx* sulqeeted, usually 3 in. for light trallic, 3J for medium and 4 in. htr 
heavy traffic wnditions. 

Width should Ik' uniform for any particular pivemenf, lait may vary l)ctwcen 
3 and 4 in. The Iwst practice provides that there should lx* a difference of not 
loss than \ in. Iietwcen the width and the depth, which under no circumstances 
should 1)6 made equal. 

The length will vary in any particular lot, l)ctwecn 5 and 10 in., averaging about 
8 in. Blocks 3 in. deep should not exceed 8 in length, blocks 3J in. deep should 
not exceed 0, and blocks 4 in. deep should not exceed 10. 
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After removing the Urk, the wimkI m cut into plaiib (‘quailing m thickness the 
width of the hiilshed Idook. The planks an' (iu'n run through ii phiner, trimming 
them all to eiacdy the i^ime 8ize (insuring a uniform width of the finialiod blocks), 
and hnally through a siM of gang-saws, which cuts thoiii into (lie fuiish('d lilocks. 

Korinerly, the W(XKi \\:i» scasont'd out of <hK>rs fnun four to twelve montlis, 
de|X‘nding U|Min the kind of U(kkI, its dimensions, the m'usoii of (he y(‘ar and the 
liKahty. At (ho prew'iit tine tins pna-ess is aewleratetl liy steaming the blm-ks 
for two U) four hour^ in steel cylinders var>’iiig m mw* from (5 ft. in diameter by 
42 ft. long, to 9 ft in diameter liy 172 ft. long. In thw (rt'atment, live steam is 
introduced at not ex(redmg 2(» 11.. pressure |H*r sijuan* inch, niising the lem|x*m- 
ture lietween 220 and 210“ K After the steaming, tlie cylinder is sul»jerted to a 
vacuum of not Icks than ‘22 in maintam<‘d for at least one hour, to withdraw the 
moisture and roMnous matters This is continued until the hlock.s arc* thoroughly 
dry, whereuiKMi the creosote oil lieated to lS(t 2*20'’ I', or a mixture containing KO 
[XT cent zinc chloralc and ‘20 |xt cent iTCJ^sifle ' is inlnxluced. The [m'ssim* is 
applied gradually, not to eviaxl .'iO lb, a! the end of tlie first hour, nor 100 lb. at 
the end of the si'cond lionr. and then maintame<l at not I('.s.s than 100 nor more 
than ITiO lb. until the [aojxT impregnation lias Ixa'ii iiltaiiK'd. 'Hie oil i-s puin{N'd 
from the cylinder and the l^lo(•ks allow<‘d to dram fcT alxmf a half liour at a 
teni|MTature of ‘21X1“ K. under a vacuum of at least ‘20 in The ([uantity of pre- 
w'rvative intriKluctal should range l>etw(Tn 0 and 12 !l) [x'r cubic f(K>t. with blocks 
usi'd for floors, and from 12 to '20 !I> |xt culm* hxit, averaging 10 lb., with blocks 
tised for [laving roads The function of the [ireservatlve is twofold, namely: 

(1) To prevent the wo(xl from decaying, due to the ravagc.s of fungi and moulds. 

(2) To uattr|inx)f the block,s, preventing them from warping or HW’elliiig. 

d’en [Kiund.s of the [ireservative [n't rubic fixit are sufTicient to pn'serve the lilocks 
frrun decay, although a larger c|uanli(y must lio u.sed to wcurc the recpiinal water- 
[irmif [»ro|XTti(‘s 'I’o coiii|»lctelv waler[»n)of the liiocks ‘jri lb. wouhl lie ri’<|uin‘d, 
whicli IS more than onlinarily-iwd in [iractici* 

CmixdU' /‘irxiri'dliirx. Tlie so-called “ creosote " preservatives include 
tlie follouinir products: 

(1) Distillates from (tiis-works coal tar or I’oko-oven coal tar, known 
eoinmereially a.s “ rlistillate oil.” 

(2) Mixtures of the foregoitiK ''distillate oil” with not exceeding 
.'i.') [XT cent of a (rius-works coal tar or eoki'-oven coal tar, eontaininR 
preferably H, hut not exceedinir '2.') per cent free earlron.^ liefined 
or tillerc'd tars are recommended for this purpose. 

In u.sini! the creosote, care should be taken to prevent it becoming 
eontiiminatcd with water.-* 

The creosote ppcserc’alive shall comply will) 'he following specifications, where K 
anil K represent a pure ilislillule from gas-works coal tar or coke-oven coal tar; and 
where C, I) and E represent mulurts containing at least 06 per cent distillate oil 
from gas-works coal tar or coke-oven coal tar, and the balance a low carixrn gas- 

I V S p«t. 81.1,«M oI M»r. 20, 1000, to J. ». Card. 

* Free. i4m Hcor/ l‘re$. Antoc., 1C. 82.S, 1915. 

I/M . 827. 1015. 
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works coal tar or cokc-ovon coal tar. Specifications A and C are published by the 
Committee on Wood Preservation I) by the Committee on Standard Specifica¬ 
tions of the Creosoted Wood Paving Block Bureau whereas B and E constitute 
tentative specifications of the American Society for Testing Materials.* 



A 

B 

C 

[) 

B 

Rp »r at 3K“ C (Tcit 7d) . 

>1 06 

>i m 

1 06-1 12 

107-1 11 

1 07-1.14 

\ iBriiBity (MiiRler method) tt K2“ O/20*C. (TeetSo) 

<1 15 

<1 15 

<l 3 

<1 2 


I'Uctl <*»rl)on (Te»l 19) ... 


<2% 



<10% 

UiBtillation test (Test 2U). 

Up to 210“ C . . 

<5% 

<5''^, 

<5% 

<5% 

<5% 

Up to 235* V . 

<15% 

<15% 

<30% 

<30% 

<a% 

Up to 315“ C . 



35-70% 

>50% 


Up to 355* V .... 



>65% 

>70% 


Spgr. diatillate 235-31.5“ C at 38“ C./15.5“ (’.. 

>1 02 

>1 03 

>1 02 

>l 03 

>1 03 

8p tt. lUatillate 315 .3.55“ 0 at 38“ C /15.5“ C 

>1.09 

>l 09 

>1 08 

>l 08 

>1 09 

Sp.ar. residue above 355“ (' at 25“ C./15 5“ C. 




>1 23t 


Insoluble in hot lientol (Test 24) 

<0 5% 

<0 5% 

<3%, 

<2 5% 

<3% 

Water (Test 25) . 

<3% 


<3% 

<3% 

<3% 


•H >10%. thi* r«‘Hnliip ihall ha\e float teat at 70“ C uJ <.'»() aPcotMla 
t If Jilt* rcMitlut* alial) have float tfBt at 7tl* C of <H0 epcoiiiiB 

{If rcBidite in nyatalline, irraniiiar and non-tlurlile, it aliall have p, apapifio f'-PvHy of <1 14 


at 24° C/15 5“C. 

The city of Chicago specifies: (1) That the creo.*«)tc oil shall have a specific 
gravity of 1.10-1.14; (2) leas than 22 per cent shall distil lielow 2:ir;° C., and Ie.si 
than 40 per cent lielow 1115° C.; (3) the residue after distillation to 355° C. shall 
1x1 plastic and mit brittle at 77° F., and shall produce a clear nmlicr-colorwl spot 
on filter paiicr when warmed; (4) the distillate obtained lietween 250° anil 315° (’. 
shall contain not less than 5 (icr cent of tar acids nor more than Ij per cent of 
unsaiwnifinble matter. 

Mixtures of distillate oil with a certain proportion of refined tar are supplanting 
the use of the oil alone, for the reasons that: 

(1) They are leas exiiensive. 

(2) 'rhey waterproof the blocks more efficiently. 

(3) They volatilise less readily. 

The presence of too much tar in the creosote mixture interferes with the pene¬ 
tration, due to the tact that the tar has a greater visrn.sit,v than the distillate oil 
at hieh temperatures. An excess of free cartion in the tar will clog the pores of the 
blocks and similarly interfere with tlw iicnetmlion. 

Foumlalion Course. This will vary in thi('kne.ss depending upon the 
traffic, consisting of a Portland-eemcnt concrete 5 to 9 in. thick, 
usually averaging 6 in. A 1 ; 2j; 5 concrete with a smooth-trowelled 
finish is recommended. 

Cushiem Ijiyer. The best practice requires the blocks to be em¬ 
bedded either in a “cushion” or Portland-cement mortar, or a coating of 
coal-tar pitch and sand. Where mortar is used, the blocks arc laid i;i 

* Pnc. Am Wood Pm Ataae , 19, 1016 

» Prot. An Wood. Fret. Aa$ 0 f., 9, 44, 1915. 

* prot. x4». Sot. Teatino MattrtaU, 1017, Standardt. 






BITUMINOUS PAVING MATKHIALS 


381 


a 1 :4 Portland cement mortar } to 1 in. thick.' Tlie mortar ahould Iw 
prepared as dry a.s ixissihle and the blocks ramnu'd into plac(', forming 
a level surface free from depressions. The pavement must be closwl to 
traffic until the cement mortar sets. 

Where the blocks an* to be emUslded in a coal-tar pitch cushion, a 
c iuting of heated pilch is spread on the concrete foundation and wliile hot 
the blocks are rammed in place. 

The English practice, which now seems to be gaining favor in this 
country, consists in conslrui'ting the foundation course as sm(M)th and 
level as possible, laying the blocks in place, and [xiuring hot tar U'lween 
the crevices. The tar will first work its way underneath the blocks and 
cement them to the foundation, and the pouring is continued until the 
joints are filled half way to the surface. The joints aie then filled 
with a grout of Portland cement. This prwedurc* prevents " bleeding." 

The hloc'ka may la- laiil in nms cither |)criK'nilii'uhir to the curl), or at angles 
varying from ■t.'i" to t>7i'’, the latter having the advantage of eonformmg to the 
expansion and contraetion of the tMivement without the nceessily of providing trails- 
verse ex[)nnsion joints. Where the liloeks are laid at right angles to the eiirh, ) in. 
transverse e.vpan8ion joints (|wigi' AK4) slioidd lie intriKiin-ed every .'kl or tin ft. 
In all caaea, an exixiiision joint j m. wide, should lx‘ provided ladwiam the hloeks 
and the curb, composed either of a preformed Itiliinimoiis strip (p. SKi) or a melted 
bituminous mixture having a iH'iielralioii of .'tO-IO at 77° K iTesI llh) The bha'ks 
must Ipc laid ns close together as |Kissible, with joints not exix'edmg j in., and levelled 
with a roller weighing not le.ss than 4 tons 

FiIIiikj the Joinlu. Three tyites of fillers are empliiyeil for woollen 
paving blocks, viz.: sand. Port land-cement grout or a meltetl bitumi¬ 
nous coinfiosition. The last named is tiseil mixst fret|iiently.'' When 
dry sand is selected, it should lie of a fine texture and spread with 
a broom. Sand is the least efficient form of filler, but in time it will 
mix with the creosote oil or tar exuiling or “bleeding” from the blocks, 
and form a mastic lictween the joints. 

Portland-cement grout should Im composed of etpial volumes of 
cement and fine sand, ma<le up with water to a fairly liquid consist¬ 
ency, and after Iteing swept into the joints, the pavement shoulil be 
closed to traffic until it sets. 

The characteristics of the bituminous filler will be dcscrilied on 
p. 382. It is swept on the surface in a melted condition, and has the 
advantages of augmenting the waterpwxif properties of the blocks, at 
the same time providing for their eximnsion and contraction. The 
bituminous filler is covered with sand or chips or with a cement grout, 
to obviate any tendency of the pavement tracking. 

' £f)(j Record, n. 154, 1916 H' 8 1**1 71,746 of Dof 3, 1867 to Alewnder Il*m»r 



382 


ASPHALTS AND ALLIED SUBSTANCES 


General Conmdemlions. A wood-block pavement wheh properly constructed is 
extremely durable even under heavy traffic; it may readily be repaired and is less 
noisy than any other bituminous pavement. The disadvantages are its shpperiness 
in damp or snowy weather, and the fact that under certain conditions it is apt to 
“ bleed.” The latter manifests itself by the soft bituminous matter exuding in 
summer, and licing readily tracked aliout. 

Bleeding is caused by introducing too large a proiwrtion of the creosote mixture 
into the Idocks, and is likely to occur when more than 16 lb. ate used [ler cubic foot. 
It will also occur when the iiavement is not provided with expansion joints, in 
which event the compreasion brought about by expansion, will squeeze some of the 
creosote from the |iorea of the blocks. 

Bituminous Fillers for Wood, Brick and Stone Pavements. A " bitu¬ 
minous filler ” is the nitine applied to a bituniinoiis substance introduced 
into the joints of wood-block or brick or stone pavements by melting 
and pouring. It must adhere to the bricks or blocks in cold weather 
without loosening or chipping under the impact of traffic, or when 
subjected to strains brought aliout by contraction or settling of the 
pavement. The filler mu.st accordingly ixis.sess great adhesive strength 
and ductility, and must also be sufficiently resistant to high tem¬ 
peratures not to exude from the surface, or run out of the joints. 

CharacterutirH of HiUiminomt Molcruth Vml. The mime cliis.ie.s of bituminous 
materiala have been used for fillers iis the bituminous eements of bituminous eoii- 
creto pavements (p. :|6.5), and they .should comply with the folloniiig ehiiracleristics: 



I'lllura 

Pil<-li FiUere 

(Twt Penetration iit V 

<150 


Penotratum at 77® F 

25 liO 


Penetration at Hi® F 

>20 


(Teat l()o) Dwrtility at lir)® F 

>.*>0 

>50 

Dnrtihty at 77® F 

>10 

>10 

Duetility at 32® F 

>! 

>1 

(Teat II) Tenaile atreiiKth at 113® F 

> 0 25 

>0 25 

Teniiie atrenttth at 77® F 

>2 5 

>2 5 

Toniilp BtrenKth at 32® F 

>7 5 

>7 5 

(Teat 15a) FuaitiK>)>oint (K an<l S. nietlioch 

140 100® F 


(Teat 153) KuaiiiK-tioint (It and H. netluHlI 

100 180® F. 


(Teat ISc) FiiainR-point (Cnbo nietluHh 


130-140® F. 

(Teat Idd) Volatile at 325® F. in 5 Its 

<2% 

<5% 

Volatile at .'>00® F. m 4 hre 

<5% 

<8% 

(Teat 17a) Flaali-point. 

>350® F. 

>350® F. 

(Teat 20) Diatillate under iiOO® F _ 


<8% 

(Teat 21a) Soluble in earbon dianlpiiitlc 

>08% 

flO-80% 

(Teat 213) Non-niitieral matter iiiaoluMc 


20 40% 

(Teat 2ir) Mineral matter. 

<1% 

<1% 

(Teat 22) Carbenea. 

<2% 

<5% 

(Teat 23) Soluble in 83' napbtba.. 

63-75% 



N.B. Pitch fillers in view of their low fusing-point should only be used where the 
joints lietween the bricks or blocks arc to be filled with fine gravel, which will serve 
to bold the pilch in place. 
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Filling the Joints. With trick anil stfliic block pavcmcnta, the 
courses should be laid with joints | to } in, wiile. When a pitch filler 
is to be used, the joints are half filled with J to J in. hot itravel (con¬ 
taining not over 25 per cent of the j-in. sise). Before the gravel cools, 
the joints should be filled half way to the top with filler, then to within 
i in. of the surface with hot gravel, and lastly poured full wi,th filler. 
In performing the work, the pitch should lie heated fioin 250 to 325° F., 
but never exceeding the latter. When asphallic filler is used, sand or 
gravel arc unnecessary. The filler is heate<l from IKK) to 450° F. ami 
poured into the joints until completely filled. A top dressing oi sand 
should be spread over the filler while hot to form a wearing surface. 

The joinU of wood-hlock |K\veuu*nt4» are formed iu» closely as p<»Hwl>le, ami the 
meited hilar poured over (he entire pavement and worked into (he joinls until flush 
hy HcrjipinR with a wofnlen or rublier squee|{i*e, or a broom, whvreu|M)n the entire 
|)uvenient is sprinkled with fine sjind or gravel. 

Bituminous Expansion Joints. These are composed of bituniinnus 
strips J to 1} in. thick, imule up with or without a felted or woven 
fabric or metal reinforcement. They are ii.sed in connection with con¬ 
crete or block pavements ami installMl Ix'tween the pavement and curbs, 
also transversely across the pavi-ment to take up the expansive and 
coni raft iv(' stresses and strains. When expansion joints are not used, 
a concrete pavement will crack in cold weather Is’cause of the inelasticity 
of the concrete, and have a tendency to buckle or bulge in hot weather. 

Modern practice calls for longitudinal expansion joints along the 
curbs, and transverse joints spacial at intervals of It) to 75 feet. The 
width of the expansion joint should laiual the thickness of the pavement (3 
to 8 in.) 

Four types of bituminous expansion joints nie in use, viz.: 

(1) PremoulM Stnpn of htf/li Fusuis-pooit Hitumuwus ComyosUiom. These ‘ eon- 
sist of blown asphalt of a high fusing-point (50 parts) mixed with sand (.'>0 parts) 
and shoddy-dust (25 parts); or of a bituminous mixture ’ cast in moulds 0 ft. long, 
whose thickness corresponds to the size of the joints (J to IJ m.) and width to the 
thiekness of the pavement (It to f> in ). The approved mixture consists of grahaniitc 
21 per cent, residual oil derived from non-asphallie [x-troleum 41) per cent, and soft 
native asphalt 30 per cent. The presence of the soft native asphalt enables residual 
oil derived from non-asphaltic petroleum to flux with the grahamit*. The fusing- 
point of the combination should lie in excess of 1110’ F. (Hall and King method). 
The mixture is claimed to possess the required elasticity, coheaivencss and resistance 
to temperature changes. In winter, however, the striiw must lie transported very 
carefully for they would break into small pieces if allowed to drop, 

•0. g. Pst. 1.13S.«39 ol Apr 6, ISi;, lo Jsmss llsnstll. 

•0. g. Pst. 1,207,424 ol I)«e. 6, I9III. to C. N. Korrsst. 
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Longitudinal strips should he } in. thick for streets less than 20 ft. wide, } in. 
for streets 20-30 ft., 1 in. for streets 30-40 ft. and IJ in. for streets over 40 ft. 
wide, placed parallel with, and at each curb line. Transverse joints } to j in. 
thick should be s|)oced not less than 40 ft., and extend the full width of the brick, 
wood, stone block or concrete pavement. 

A prrjprietaty prisluct composed of gilsonite fluxed with blown petroleum asphalt 
tests as follows: 


(Tp«t \)h) Peiictrutioii at 115° p'. 

IVnetratiun uf- 77* I’. 

I'f f'tration at ;J2* p' 

(’('(■dt 15A) P'liaitiK'point (It ami U. method) 
(Teat 21u) Holublo m carbon dianlphide 


50 OO 
35 40 

20 m 

240 255* F. 
09 5% 


Tho Cominission of IfiKhways of the State of Now York, in s[)coifioalions ifwued 
April 1, 19Ih, Mtipulate that, the expanniun joint slioiild projoi't at lounl I m. above 
the finished surface of the pavement at all trmwvoi’w* joints 1'hoy also specify 
the premouldcd joint to teat as follows: 


(Teat 7) H|)«cific icravity at 77* P'.. 

(Tf«t 05) Penetration at 115* P’. 

(Teet %) Ponetnilion at 77* F... . 

(Test 05) Petietration at 32® F . 

(Test 155) p'usiiiK-ixiint (B. aiui It methwl) 
(Test til) Volatile matter 5 hrs at 325* F 
(Tost 2l(i) Boltibic in carbon (hsiiiphide . 
(Tost 24) Soluble iu carbon (etracblorule 
(Test 24) Soluble in 70* naphtha 


0 »a 1 05 
l.css than 45 
15 35 

(ircatfr than 12 
220-250* F. 

I cfiB than l'( 
CrcHfer than OH 5% 
Creator than 99 8% 
50 75% 


A modifiedion consists in ('otningling felted fibres with tlic liiluntinous matter in 
the presence of water, by foreinje them through a irerforaled plate, and after evnis)- 
rating the water, moulding the mixture to form the joint,' 

(2) Joiiila Cmimcd of a Thick Iaujct of Ihtumvum Material Heiuforced on Either 
fiurface uilh i^heehs of Plain or Ihtuminized Fabric. This joint is comiwsetl of two 
layers of untreated felted fabric,* or woven fnlinc impregnatt'd with asphalt * (page 
40K) and carrying a relatively thick layer of bituminous composition lietwecn. 
similar to the foregoing. The function of the fabric is to strengthen the joint, and 
enable it to \ye trans[>orted in cohl weather witliout danger of fracturing, thus over¬ 
coming the objection against the foregoing tyiie. 'I'hc bituminous layer in the centre 
should have a high fusing-|)oint (al>ove 1H5'’ F., K. and S. method) ami preferably a 
low susceptibility factor. It may l« comiioscd of asphaltic constituents, sometimes 
mixed with 25 to 50 j)cr cent of finely divhlod mineral matter (calcium carbonate, 
shale, clay, silica, fuller’s earth or slate), or from 15 to 30 per cent by weight of 
ground wood (“ wood flour ”) or fibrous matter. The function of the filler is to 
increase tho toiB^hness and resistance of the mixture to tempemiure changes (see 
page 340), and in certain cases to reduce the cost. 

The joint is manufactured in a continuous sheet on a fonn of roofing machine 
(p. 405), in which the two layers of bituminous felt previoiwly impregnated with 
saturent (p. 395) are fastened together by introducing the melted or plastic bitumi¬ 
nous composition in between, carefully adjusting the thickness of the assembled sheet 

lU. S. PaU. 1.150.122 of Oct. 12. 1915, 1,166.166 of Dec. 28, 1915 tad 1,240.524 of Sept. 18. 
1917, to J. ('. Wo<Hlley: 1,177.267 of Mar. 28, 1916 to R. P. Perry. 

*U. S. Pat. l.(HO.U93 of Oct. 1, 1912 to Jatnea Adkitie, Jr. 

»y. 8. Pat. 1,248.909 of Deo. 4, 1917. to H. M Pullnr, 
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to corre8|K>nd with that of tho joint doKirod. The width of the sheet should similarly 
corresjxmd to the length of the roiiiplettHl joint (usUiilly 0 ft ). When the lUM'tnhled 
sheet has cooled, it is cut transversely with mei'hnnicHlly actuated knives, into 
8tri(» 3 to 6 in. wide. de|)(>ndinK U|)on tlu' thickness of the iiaveincnt for which 
they are intended. In croKs-si’ction a iiaving joint of this ty|M* corresponds with 
“Ty[»e E,” Fig. KK) (p. 5tU), with the internieiliatc layer of suiMtontial tliickness 
and coatings omitted. 

(3) On^or More Ijitfergof Hiluminned Fabric, the with a Bitumuioim 

Adhem'e. One form of iwving strip w coin|H)se<l of a single layer of tarred felt 
(p. 305);* another consists of a strip of a woven faliric siituraU^i and coatinl with 
^usphalt, having iiarticle.s of (*ork or sawdust einlMHldis) on tlio surfat'cs*; ami stil) 
another is cotn))oaed of threi* or more layers* of asphalt-satiirated felt (p. 3t»r») 
cemcnU‘<l together with comparatively thin layers of an a-sphaltic adhesive. The 
strip when as.s(‘ml>)c<) varie.*< fnaii \ to J in. thick, and the raw felt sheets r'lnge from 
No. 50 to No. 75 on th<* felt marker's wale (p. ;iS{»). 

In manufacturing this form {taving joint, one or more webs of felted falirie nro 
first impregnated individnall,\ \\ith melted asphalt, usually (piite soft in consist¬ 
ency (fusing-piont ItO-lfO'’ F, K ami S. methmi), and an* then joined by eom- 
jianitivoly thin layiTs of a harder asphaltic mi\lim* (fusing-|KMnt 140 ISO'’ I-'., K. and 
S. nieth(Kl) The outer surfae<‘s an* not eoat4‘<l. The width of the web corn‘S|M>nda 
to tin* length of the paving j4)intH (usually t> ft.), .\fter the wcIm am W‘ale4i together 
and allowed to cool, they an* cut into striiw e4)rn*siH»nding to the thickness of (ho 
iKivement. 

(1) .'Irmorcd Htlitnnnizcd Fubnc. Anotlier tyiie <»f paving joint adapted solely 
for concrete mads, known as an "armon*4l joint,” e<»nsists of a layer of bi(iiminiKi*d 
fabrn- reinforci'd on either side by a (Inn metal plate. The joint may I'ither 1)6 
Hut or corrugated,* and Oie up|s‘r part constructed with fiangim or projwlioii.i to 
protect the edge.s of the adjacent conen'ie 8(‘ctions. 

.Vnother imxhfication is coin}s)s4‘d of a strip of high fusing-tioint bituminous 
<‘oni|K)sition (siimlur to tyts* I) reinfons'd in llu'ts'ntn* with it nietallie eon* of wiro- 
niesh * Still anotlier (mui.hisIs of a strip of high fusing'|Miint bituminous comjiosi- 
tion protected on the .siirfai'c with a trough-shaiK'd shell of wire mesh to W’hich in 
turn paper or cloth is c<*mentc(i fa.st.* 

* f .*• Pat of Jill I'l. IS'OloJ J S^'hilliiiKcr 

M’ Pat of n,t. 17.-IWilMo 1 K Muir 

>t S Pat 1 2JO,7Ml of Mar 27. P.M" to W. .( M. rlW 

‘I .< I'ftf l,2-ll,10.'> of .*»cj) ‘2't, M»17, to WIlliB !•; I,each. 

* I’ P»f 1,07H,HK2 of No%'. IH, 1{II.3 lo Jariica Haiiwcll , 

* I' h Pat 1 .(IK5 27o of Jau ‘27, 1U14 to W. P Ixiiia<lal«, 
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BITOMINIZED FABRICS FOR ROOFING, FLOORING, WATER¬ 
PROOFING, SHEATHING AND INSULATING PURPOSES 

SHEET ROOFINGS 

Thkke are composed of a single layer or a pliiralily of layers assembled 
together, each composed of a woven or felted fabric, saturated, coated 
or both saturated and coate<l with bituminous compositions, and in 
special cas(!8 reinforced with metal. The finished structum may be sup¬ 
plied in flat sheets or wound up in rolls of suitable length and width. 
These fabrics and bituminous mixtures may lie assembled in innumerable 
combinations.' 

Felted Fabrics. These are generally formed of rag or aslx'stos fibres, 
with or without additions, on a machine similar to that used for manu¬ 
facturing paper. If rags are employed, they are first run through a 
series of revolving knives known as “ cutters,” which .shred them into 
small fragments, and then into the ” beaters,” where they are ground into 
a pulp with water. A Ixiater separates the strands forming the cloth 
into the individual fibres without materially shortening them. A charge 
is beaten onc-haif to three hours until all the lumps have been broken 
up, whereupon the " pulp ” is passed through a " screen ” to remove 
any foreign particles, and then run on the felt machine (Fig. 119), 
where it is formed into a sheet of predetermined thickne.ss. Cylinders 
1 and 2, covered with fine wire cloth, are partly immersed in the tanks 
T-T containing the t)eaten rag fibres sus|M'nded in water. As the 
cylinders revolve, the wire cloth acts as a strainer and picks up a layer 
of fibres, letting the water run to waste. The machine is equipped with 
three endless webs of cloth, 3, 5 and 10. Cloth 5 is first preased in 
contact with cylinder 1 by the couch roll 11, cau-sing the fibres to adhere 
to the cloth. Cylinder 2 similarly adds a layer of fibres under pressure 

> Re/rrrntt*. " Keftdy Roofing MUta atx] MyitrriM,” by The N'orthweetern I.uml>ermen’« Amo 
ciation, Minneapolia, Minn., I9U; "Roofing Matenala Committee Report." Bull Am. Hy Sng. 
A4*a., 14, 839, 1913; "What ia your Market-an Anal^eia of the Roofing Situation," by 0 
D. Meroer, Curtia Publiahing Co., Sept, 1918; " Die FabrikationderDarhpappeund d«r Anatrieh- 
maasa fQr Pappdlcfaar," Dr. E. Luhmann, 2d fdUion, Vienna, 1002; " Wie cine Moderne Teor* 
deatillatioo nit Dachpappanfabrik eiDgerichtct aein n)UM,'* by Willy Petemn-Kinbe^. Vienna. lOfkt 
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of the couch roll 12. The suction box shown 
alongside rollers II and 12 draws the surplus 
water from the newly fonned .sheet of felt, 
which then passes between cloths 3 and 5, 
where it is subjected to gradually increa.sed 
pressure by the rolls 13 and 14. At roll 14, 
the upper cloth 3 returns, while cloth 5 carries 
the sheet of felt to 15, where the felt now 
just strong enough to hold tog(‘tb<>r, leaves 
cloth 5 and (susses between pressure rolls 
against the third cloth HI. The felt is now 
carried over a .series of steam n)lls S, of which 
naslern felt machines are c<|uippe(l with .55 
U> (15. Thc.s<‘ ex[s’l the remaining moisture, 
whereuisin the shwt is given a simsith surface 
by the calender rolls i), and wound into rolls 
at 10, while at 10' the wide slas't is slit 
into narrower slnsds either 32 or 30 in. 
wide, and automatically rewound into rolls 
by the winders .shown at the <‘Xlrcme 
right. 

TIh’ 1-i‘It Mainifactun-n.’ .tKMM-iatioii nf the I'Minai 
.S|at.'> ns'osni/cs .M\ cl.i-vo of raw iiiaton.'ilh for 
inakitig nstfiiig f.'ll, vir. . 

.Vo 1, kiKtfitig Hfigit '1'1h‘.s(' constitato soft rags 
rarryiiig a iHTccntagc of w.kiI, amt itirlinlc satinet 
gartnents. nieii's eoat.s, patits, vests, iinxeif Inisies, 
N-atiis, ttonien's ciotts, siieks lOKi eloth sktrts. 

iVo 2, limfiitg Uaga. Thtss- consist of eolton 
ngs. and tneinde large and snialt laitton rags, 
linings (willioiit oeiina), silk rag', rag ear|a'ls, print 
rags and stoekings. 

.Vo. 3, (luhtnj Itngging 'I liesr* ineinde hags and 
.sacks free fnrin fertilizer, iliareoal, coal, n-nieiit, 
elieinieals, lime and plaster 

,Vo. 4. Cariidii. 'I'heae include Krussols and liard- 
laick eariieta. 

No. 5, Roofing Rag«. 'I'his eliiaa ineliidea: (o) tailor 
rags free from all nihhiah and [laixir; [h) tailor 
nigs containing not over 10 per cent |aii»r; (c) 
tailor rags containing over 10 per cent hut not 
exceeding SO per cent of (laiier. 

No. It. City Dump Rags. Including rags of all 
Mirts, and of variable composition. 
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Mwxllanam Makriab. Including canvas, window shades, strings and buckram.' 

The following fibres arc present in the foregoing classes of materials: 

True rag fibres, including: (1) cotton and linen fibres; (2) wool and silk fibres; 
(3) jute and maniln fibres. 

Paper fibers, including: (I) mechanical (i.e., ground) wood pulp; (2) chemical 
wood pulp (sulphite and sulphate). 

No. I rags, contain cotton (and linen) also a percentage of wool (and silk) fibres. 

No. 2 rags, contain mostly cotton fibres. 

No. 3 rags, contain cotton, also a percentage of jute and manila fibres. 

No. 4 rags, I’ontain mostly jute and manila fibres. 

No. a rigs, contain cotton and wool with or without paper fibres. 

No. tl rags, contain a mixture of all the fibres present in the previous classes. 

The various classes of rags are mixed in suitable proportions in the manufacture 
of riMifing felt. Claases I and 2 tend to “ soften " the felt, and oiicn up its (loivs 
thereby enabling it to alisorl) a larger [jcrcentagc of bituminous saturation. Classes 
3, 4 and 5 tend to "hanlcn’^ the felt and make it less [iliabic, leas absorlient and 
denser. Class II acts variably, dcjxuiding uism the composition of the rags used. 
It is customary to mix Classes I and 2 with Classes 3, 4, 5 and 0 in proisirtions 
ranging fropi 5:1 to 1:2, dc|icnding U|xin the nature of the rags available, and 
the (piality of the felt to Isi manufacturcsl. 

A high gmk roofing felt made U|) appniximately of 7.5-SI) |x'r cent “ soft " 
rags and 2lt-25 per lent “ hard ” rags, will show the following comiiusilion on exam¬ 
ining the finished sheet microscopically (see p. 5118): 


Colttm Khro*. 7 (|';, 

Wool filirt** 10 20*;. 

Jute anil inunila tlbri’e 

Wood filiree <paper). 1 o',', 


lloofiiiB f{‘lt is ofU'ii »|)oken of as “wool foit,’’ hut this tonu is somewhat of 
a misnomer, since no roofniK felt is composed fniirebj of wool fihn's. It is impracti¬ 
cal to tnanufacture rooting felt from wool fibres alone, jis they are so soft and IhifTy 
that they will not form a satisfactory sheet on a felt nmehine, It is necessary to 
have other fibres present, produce a strong, com[mct shiHJt, not to lireak on the 
calender rolls or dryers, and to alworh the [)ro|K*r (lerccntage of hitnminoiLs satura¬ 
tion afterwards. 

The durability of the various film's is in e.Kact pro|M)rti(m to their prict's. Their 
comparative costs, taking wool as 100, are approximately .as follows: 


Woi.1 ... 100 

CutUin. 

Juto ami manila..... 44 

Paper (including mechanical and chemical wowl fibres) .... 20 


Wool fibres arc most durable and least alTeeted upon contact with moisture or 
the sun's rays. Nature provides wool for covering animals to protect them against 
exposure to the elements. Cotton fibres come next in durability. It is significant 
that cotton has always l)een used for making sail-cloths and covering porches or 

> The aMociation namee the foilowing materiale aa being uneuited for manufacturing roofing 
felt, via.: eboe cuttings, felt boote, coreete. auependere. oil cloth, matting, leather, rublier, rope, 
mackintoeh clippings, pasted eteek, wood, etonei, mctale of aU kinds, tin cans, glaw, bottles, 
ashes, bones, excel«or, «to. 
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(it'cki) of Hteaiiien) (‘\})Oi«pd to tlie weaihi'r. Muh( of un have oliM'rvcd how much 
nipidly jute ami iiiunila fibred. tt.s for exiunple in the form of burlap )>aggiuK, 
uiil decay, Ihiui cotton or wool. Pa|)(‘r fibit'a require htllc eoiunieut. Kveryone 
knows that a newbpa|K‘r doon falls to pieced when left out-of-d<M>rK in the sun and 
rain, chemical wood (ibree (sulphite and BulphavCl being somewhat more weather- 
rebislunt than mechanically ground wmal-pulp. ('lay is dimply Hal'd aa an adulterant, 
toiuld weight to the raw felt, without contributing m the least tii its longi^vity. 

The {mrticular kind of filin' pmsiuit doi's not inHueiu'c the stnuigth of the felt, 
which is controlled largely liy the following factors; 

(1) The U'figlh of the fibn‘8 in the felt, 'lliis w pn'deterrnincd by: 

ta) Till' length of (he film's, as they existiHi iii the rags. 

(fi) The e\lcnl to \\hi<‘)i they have U'eii broken up and shortened in the 
lieators. 

(2) The c\t<*nt to which the rag or i)a|K*r stock have un<lcrgoiic cn'inacausis. 
Okl rags or pa|K‘rs which hav(* licen allowisl to rot Is-fim* U'lng converted into fell 
will produce a weaker sheet than when new mgs or pa|S'r an* employed. 

(2} The .skill displayed in ■‘running" the sheet on the felt machine 

.Many sul).s|itute fibre.s have Isi-n Miggi'slcd f4ir iiianufacluring nsifing felt, 
incluchng the following, viz,‘ leather fibres,' cane fibres,'* straw film's,* asls'stos 
fibres m (sjinbmation with rag film'.s* nwoa-nul libn's,* sea grass,* ground wood 
fibre-',* re^l-wotsl. oak and Ian liarks," muss, |M'at. etc. 

\\asle iMijKT IS iwal ino.s| extensively .'is a substifulc for nig sloek. It dm's not 
appreeialdy ufTeel the slr«‘iiglh of the felt, lint il tend.s to inereaw' its density, 
redmi' the |Mmriitage of bituminous satumtion ab-sorls'd, make it harder and less 
pliabk*. and alwi less weafluT-iX'sistaiil. The author has exaniimsl samples iif nsif- 
mg felt e»>ntamiiig :i.s mueh as tin js'r rent of pa|H‘r m admixtim- with mg slo.-k 
Straw also deerea.M*s the wealliiT n'MsIanee of the fell, making it hard and brittle 
and bark redmi's its tensile strength. Sea grass <|4S‘s not deenaisi' its strength, 
{Kirosily or Imtflencss 

Mineral substaneoH, such as clay and slag (niineral) ‘'waM)!” arc often used for 
mlultemting felt 'Fhese may Ik? detistis! by the ash on ignition. If projK'ily 
made, fi*lt sliouhl not yield more than S jicr cent mineral ash. The moisture con¬ 
tent of the felt as furnishiKl by the manufacturer should not excis'd 10 |>er e(*nl by 
weight “ 

Hag f<-lt IS marketed on tlie basis of its weight in ismnds iior 4S0 sij.ft., known 
a.s the “ nuiniK’r," ranging from 20 to as high as 00. The " numU'r " of iIh* felt 
multiplied by 0 225 will give its weight m |xmn<l» iwr lOS sq.ft., and when mulli- 
phed by 0 208 will give il.s weight per 100 sij.ft. High griwle rag felt will lest 

M' S I’ait 40..MI2 of No\ 17. ISfla In H. M Alien; 1,211,8:17 uf Jan 9. 1917 t« C N. lor* 

r«jt 

M' H r«t of M»r 30. I8fi9 to It. W 1tu*s-ll 

M’ S. Pat S.'hl.Tm of May 28, 1907 to A. O. liriitikni 

‘U. S Pat 81.041. of Sep I. 1808 U* II W John* 

M* S Pal 1.237.000 of Aim. 14. 1917 to Herman \on Tflel. 

•I’. S Pat 1.220.738 of May 22. 1917 to Herbert Abraham. 

’ r. S Pat. 119.001 of Ort. 3. 1871 ami 121,100. N'ov. 21, 1871 both to J, K, GrifRo; 1,168.405 

of Jun 27, 1910 to E. J. SehrwJer. 

• •' The t’ae of Bark for Paper Speeialliea,” by (Hto Kreaa, J. Ind. Unf. Chem , S, 88.1, 1916. 

* Determined by diatiDiog a wMfhert quantity of felt with kerueene, and maasurisf the volume 
of mater paaaing over with the diatiUate. 
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approxinately 1 mil in thickness, and not less than 0.5 lb. on the Mullen strength 
tester (p. 609), per unit “ number." These relations hold approximately constant 
for all weiglitH. 

The following standards have Iwen cstahlislied by the Berlin Imperial Testing 
liiibrjratory.* 

(1) Hags, fibrous textile waste, and waste paper may 1)6 used, hut the direct 
addition of wood pulp, straw pulp, jK'at, sawdust and mineral loading material is 
forbidden. 

(2) The felt must not yield more than 12 per cent of ash. 

fli) The moisture content of the air dry felt should not exceed 12 per cent. 

(4) Felt wirn immersed in anthracene oil should not uh.sorb less than 120 per 
cent by weight. 

(5) Kelt of normal thickness (at least 400 grams fier square meter) should have a 
bn*aking weight* (for a atrip Ifi mm. wide) m the longitudinal direi^ion of at least 
It kilos. 

8o*called “asbestos felt” is sometimes made from asliestos fibres alone, and 
sometimes from a mixture of asl)estos and rag fibres. It is marketed on the basis 
of its weight in |Kmnds |)er 1(K) sq.ft., and may Ik* mamifacttired cither |iorous in 
structure, suitable for saturating purposes, or of a den.se structure, for attaching to 
the surface of prepared roofings. Sanqiles of aslM'atos felt for saturating purposes 
examined by the author tested os follows: 


6 l'> nttieitng felt 
K IK aaliOBtdg felt 
10 lb MhestoB felt 
12 lb Htl>oati>8 felt 
14 Ih. MgtiOAtiii felt 
10 lb uDhe»t<i« iHt 
40 lb. uabfstog felt 


1.3 niila thick 
17 mile Uiick 
111 inilg thick 
23 iihIb thick 
21) niila lhi<'k 
30 niilg (hick 
70 iiiila (luck 


Woven Fabrics. The woven fabrics ordinarily used for manufactur¬ 
ing prepared roofings include burlap or liessian (composed of jute fibres) 
and duck (composed of cotton fibre.s). Tlie.se are marketed in varioas 
weights, expressed in arbitrary ways.-* Woven fabrics do not take up 
nearly so large a percentage of bituminous saturation as felted fabrics, 
nor is it possible to impregnate tliem as unifomily, due to unavoidable 
variations in texture in different portions of tlie slieet. 

Bituminous Saturating Compositions. Bituminous materials suitable 
for impregnating felted or woven fabrics are usually soft in consistency 
at room temperature, ranging from semi-liquids to semi-solids. 

>J. MarciisBoii, M%tl. k. MtUennliirUj., S4, 40, 1010. 

*The “ brfAkinx weight" repreeeiite the weight required to break a strip of gi\cii width- 

^Hurlapt are designated by the weight in ounces psr liassl yard 40 in. wide, snd "numbers" 
7i, 8 and 10 are generally employed in manufacturing roofings. “ Regular " ducks are deaigiiated 
by the weight in ounces per linesi yard 20 ia. whle, and "numbers" 6 to 15 are generally used for 
the foregoing purpoees. " KnamelUng " ducks are designated by the weight in ounces per lineal 
yard of ths width in which they happen to be eupplisd (usually 40. fiO or 72 in ), and "numbers" 
4 to 16 ars ordinarily used. " Numbered " ducks are deaigneted in numbers arbitrarily-—number 
1 eorrssponding to a wright of 18 oi. per yard 22 in. wide, and each number greater than 1, to a 
dsertass of I oa.; numbsis 8 (11 os. psr 36 by 23 in.) to 13 (7 oi. psr 36 by 22 in.) being 
gsosnlly used in mnnutacturing rooAngs. 



HITUMIMZKI) FABRICS 


391 


The following cla^^s of bituininous substances have been used for 
this purpasc: 

(inmit !. I'uro native aapholts, residual usidialts, blown petroleum nspludl, 
sludge itsphult, wurtzilite asphalt, wood-tur pitch, roam, rosin pitch, bone-tar pitch 
and fatty-acid pitch, used either singly or in various coinbirations when of the 
required consistency; or else if too hard (and the same applies also to as{dmltit(^) 
fluxed to grade with one or more of the fullouing, vns.: soft native asphalts, wax 
tailings, residual oil, soft residual asphalts, soft blown |K*troleum asphalt, soft 
sludge asphalt, soft fatty-acid pitch, aniiiiai and vcgetalde oils or fats, and wool 
grease. 

(Jroup 2. Oil-gas-tar pitch, water-gas-tar pilch, gus-wc tlvs-wal-lar pitch, coke- 
oven-coal-tar pitch, wood-lar pilch, rown, rosin pitch, Ici.c-lar pilch, and fatty- 
acid [Htch, used either singly c: in varams I'on.lunations when of the rt'qtiired 
consiHteni‘y; or cIm* if too hard, fluxed to grade with one or more of the following, 
VIZ : the corresiKUidiiig licpnd tar previoUf.|y evaporated to e.\|x‘l the highly volatile 
oils; distillates of high lM)i]ing-i>oinls derived from tlx* respi'ctive tars; wax tailings; 
soft futty-aeid pitch; aniniui and vegetable oils or fals; and wool gn‘ns(*. 

The tar and pitch comixisitions ((Iroup No 2) are used: (a) for manufacturing 
multiple-layered prejiared r«Kifings, and (6) for preparing single-layered tarred felt, 
used for constructing “built-up" roofings (p. 4l!t) and waterproofing membranes 
(p. t'iS} The (Jroup No 2 conqsisilions (i-xr-ept fally-acid pitch) arc not recoin- 
ineiKled for rnaiuifuctunng smglc-layercd prepared roofings due to the fact that they 
are insufliciently weathcr-rcMsting (in the other hand, the (Jroop No I c<nipihi- 
iions on account of llicir greater wcalhcr-rcwslaim' nay be iisc^d iiuiiscriminatcly 
tor manufacturing single or multiple laycrtnl pn'panal roofings, also for asphalt- 
saturated felt us<‘d for constniefirig “built-up" roofs and waterpriHding mcm- 
!>ranc‘! 

'I’lie coii'Ni'<l«’m'V of the tar and pitch conipo«ih<ui'< corresiHintI with the figures 
given for s<*f( coal-tar pit<'li (wr p 2’)1) Saturating mi\liir<‘'< piepan'il from asphaltic 
products slnmld complv with the billowing characteristic^ 

(1) 1'1h‘ viscosity al tlic satiiralmg lcm|M ialtir«‘ should be as low as possible to 
accelerate the sp<rd of absorption bv the fahne 

(2t The iK’iietralion al 77" F shouhl he greater than (it) (Test %), and consisi- 
eiK'V (T«‘sf Dri less lliaii If), otherwise the sal nalcd fabric will he brittle, 

(Jli 'flic susceptihihtv factor should Is- a-- lov. jis posvj})|(>, and preferably Icsi 
than :f0 

(-1) Tlie sjiturant shouhl 1 h‘ <luclile. 

(.*>) Its fusmg-poiiit by the B and R. inclliiHi Tl'iH l.V/) should range from Uo 
to RKf’ F . and preferably Ijctwwn 110 and l.Vf F 'I’hc c<irresiM)n<!mg cxtrciiH* range 
by the I\ and S method (Test l.V/i is from HO to I l(t" F 

(0) It should contain tlic smalh'st {Ksssihlc iMTcentage of volatile mutter, and 
preferably less than i«t cent at 500' F in four Imurs (Test 10a). 

(7) It should have a flash-|K»iiil wi-ll alsivi- the icmiXTalure al which it is raitw**! 
(luring the process of fluxing or while saturating the fabric (at least 50“ F.), and 
preferably ulmve 475° F. (Teat 17(i) 

(H) It should contain the largi'st lamsiblc percentage soluble tn (rurtam dinulphide 
and prefenibly exceeding 97 per cent. 
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(9) It should contain a comparatively large percentage soluble in 88° naphtha 
and preferably exceeding 85 per cent. 

(10) It should be weatherproof (sec p. 574). 

Substances formerly used for saturating purposes included roein and dead oil, 
pine tar,' etc., but these arc deficient in weather-resisting properties. 

At the present time the materials most commonly employed for saturation pur- 
|X)ses include soft coal-tar pitch, residual oil, soft residual asphalt and soft blown 
petroleum asphalt, of which the respective merits from a weather-resisting point 
of view, have been considered in Chapter XXIII. 

Fire-resisting saturants have recently been suggested, composed of chlorinated 
bituminous bodies, including t.aphthalene, wax tailings, dead-oil, coal-tar, etc.’ 
These are used for saturating a single sheet of felted or woven fabric.* 

Bituminous Coating and Adhesive Compositions. These may be 
used for surfacing the saturated fabrics (single or multiple layered) and 
also for cementing together two or more layers of fabric (all of which 
may be biturainized, or .some bituminized and some untreated) in man¬ 
ufacturing multiple layered sheets. The coating and adhesive composi¬ 
tions include the same groups of substances used for the saturant (p. 391), 
but prepared of a harder consistency and usually also of a higher fusing- 
point. The bituminous materials first used for these purposes included 
the fatty-acid pitches,'’ native asphalts, sludge asphalts," residual 
asphalts, etc. 

The prime requiaite of the bituminous coating composition is that it should 
possess maximum weather-resisting properties, since the longevity of the prepared 
roofing depends largely u[ion the unalterability and integrity of the coating. The 
principles to bo followed in making this mixture have already been discussed 
(see p. 3H8). 

Bituminous coating and cementing compounds should preferably comply with 
the following characteristics: 

(1) The appearance of the surface on aging (Test 3) should lie bright, and especially 

where the bituminous coating is to be surfaced with talc or other white mineral 
dusting finish (p. 394). - . > 

(2) The hardness at 77° F. should fall between 10 and 50 on the penetrometer 
(Test 96), and between 15 and 30 on the consistometer (Test 9c). 

(3) The susceptibility factor .should lie as low as possible, and in the case of 
asphaltic compounds preferably less than 3.'). 

I U, a Pal 20.1,1.1.', nl .liinc IS, IS7a lo W II liankin 

> tj. S Pal a9H,:i;i7 .,1 tvb to, ISSII in W ll I.npl.in, 

• II S Pal. l)14,22;l ol Mar 2, I9ISI to .1 W .kjlawortli: 011,251 ot Mar. 2, 1009, to Carlcton Ellia 
snd Kart P McElroy, l.HW.trilt of Nov 30, U)1.5 to S It Church. 

•U 8. Pata. 914.222 of Mar 2, 1009 to J W Aylattorth. 914.300 of Mar. 2. 1909 to Karl P 
McElroy. 

• U. S. Pata I28.fj99 of Jut. 2, 1872 to W B Davie*. 423.042 of Mar. 11. 1890 to A. N Ford; 
Eostiah Pat. of 1807, Sept 21. No 2,4150 to G K Marchiaio, 1808. Apr. 23, No 1,330 to Joseph 
Rogera; 1872, Aug. 29, No 2,rt72toW B Lake; 1874, Feb 4, No. 447 and No. 449 to John Macintoah; 
1870, Mar. 27, No. 1,309 to Caleb Tayler. 

4£i)i. Pat. of 1888, Apr. 14, No. 5.577 to W. P. Thompeon. 
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(4) The ductility fihould preferably be Kreater than 1 at 77'’ F. (Teat tOft). 

(5) The tenaile atnaiRth ahoultl preferably Ik‘ ureater than tl5 at 77'’ F. 

(Test 11). 

(G) The fusing-point .shouhl Iw* such that the eom|)osition will not l)o alTerted 
by the highest sun teniix'raturc to which it may be siibiectcHl. It should not Im* 
lower than 160® F, nor higher than 2t)0® F by the Hall and Ring method 

(Test 156), the upiwr limit applying to pnalucts having a low suseCptibility 

factor, including blown |H*lroleum asphalts, fluxed asphaltilw, etc; and the 
lower limit to coatings surfacisl with fine Mind or (*oarsely ground talc. The 

eorresiwnding range by the K. and S. method ( lest l.'V/) .shall be Ix'twivn 115 and 
240® F. 

(7) The volatile matter should pnderably le less than 2 |)cr cent at 500® F. 
in four hours (Test 16a). 

(8) The tiash-iK>int should preferably be aU>ve 500® F. (Test I7«). 

(0) The solubility in carbon di.sulphide should preferably not Ih‘ less than 08 
per cent, although this is .subject to inodificatica: wIk-ix* miiuTal ingredientH are 
purposc'ly addeil for the rciusons whicli follow. 

(10) 'Hie larger the percentage of fatty sul)staiiees (sajMmifiable) present in the 
mixture, the Ix^tter will la* its weather're>ihling properties, other things lieing e(|ual. 

It is sometimes customary to mix mechanically a eeilain proportion of very 
finely powdered mineral niatti'r with the surface coating mIiiIc m a molten condi¬ 
tion, and fjefore it is applied to the surface of the roofing, for one or more of the 
following reasons; 

(1) To increase the weather-resistance <if the bituiiiinous mixture. Opaque 
pigments have lieon u.sod for ihw puriHise. including graphite,* lampblack,* etc. 
'flicse serve to exclude the actinic rays of the light, which eontnbule largely to 
the de('om|>usition of bituininou.s siibstariecs ((> 576) 

(2) To iin[>art a color to the biluniiious coating For this purpose, bright 
mineral pigments of various colors arc mixo<l throughout a coating consisting of 
special bitiiininous eomiHisiiions having a brown streak ('i'e.st 6) or as an alf.er- 
native show'ing a transpaixuit to Iraiislueent browni.di color when viewed on glass 
in a thill layer.* Bitiimmous compositions liaviiig a black streak, or olherwiw) 
ap{)caring opaque when viewed on glass m a thin layiT, will not answer, for although 
they may initially show the color of the pignaml, ncvertlii'less this will disapjiear 
after a time turning a dull black, since black lutuniinou-s mixtun's weathiT to in¬ 
tensely black sulwtanccs, due doubtIcKS to the liU*ralion of free carbon by the 
actinic light rays. 

(3) To serve as an extender and raluec th<* cost of the finished pro<hjrt. Many 
sulistanccs have been us(*d for this piirfsi.M-, including finely ground limestone, shale, 
fullers'earth, clay,* infusorial earth,.«ilica, etc Another plan consists in,apply¬ 
ing part of the bituminoas coating, then the minenil matter such as flake mica, 

»U S PatB of Sov •'i. I^KII lo W H »*rh«. HM.Wl of May 7. IWI7 to Clifford 

Richardion and (* N. Forreat, fiertrian Fat AppI la,150 of Nov. 17, IIHM to Ilant Christen; 
Ger. Pat AppI A-C.371 of H*07 to F K^lt^lllt^!^! 

*U Pat. 727..Mr of Mai •>. ttS>3 to K. J Warren 

*U, 8 Pat*. and 775,630 of Nov. 22. 1004 to h. C. Rugeo and llnl>ert Abraham; 

Eoff. Pat of 1913, Jun. 18. No 14,063 to Georg Halle. 

•Kng Pat. of 1881, Jun 27. No. 2,81.5 to A M. Clark 

*U. 8. Fata. 416,791 of Dec. tO, 1889 to J. I. Livingaton and William Griecom; 437,033 of Sep. 
23, 1890 to R. 8. Merrell. 
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and finally the balance of the bituminoua coating, thus obtaining an intermediate 
layer of mineral matter.' 

Where the roofing is to be constructed of more than one sheet of fabre, very 
fine mineral matter may lie mechanically mi.\ed with the bituminous adhesive 
layers for reasons I and 3. 

Suifacings of Mineral Matter. Three types of mineral matter are 
distinguLshed for this purpose, viz.; very fine mineral dust, moderately 
coarse mineral granule.s and coarse mineral particles. 

The very fine mineral dust is sifted on the surface of the roofing 
usually while still hot, for the purpose of preventing the convolutions of 
the roll finin sticking together after it is wound up, or otherwise packed 
for shipment. A certain proportion of it embeds it.self in the surface 
coating, but most remains detached, so that it will either shake out of 
the roll, or wash off the roof when applied to the building. The very 
fine dusting finish is therefore applied from a utilitarian standpoint 
rather than for decorative effects. Finely ground talc, silica, mica, 
limestone, infu.sorial earth, etc., are used for this purpose. 

Moderately coarse mineral granules are purposely embedded in either 
the top or bottom coating, or both, for decorative effects. The mineral 
matter should be practically free from fines, and consist of uniformly 
sized granules, preferably angular. The following materials have been 
used, viz.: sand, coarsely ground talc, coarse flakes of mica,^ also 
cobred mineral particles including red or green crushed slate,'* crushed 
rock of various colors,* artificially colored sand,® colored grit," b.aked 
preformed earthy particles of various colors,^ crushed brick, tile, or 
marble, particles of sand or grit prepared with an oil paint baked on 
suix'rficially, etc.* 

(loarse mineral particles, either uneolored or colored, arc similarly 
embedded in the surface coating for decorative effects, including small 
pebbles, gravel, crushed feldspar or granite," crushed scashells,*" granu¬ 
lated slag,* * etc. 

Surfacings of Vegetable Matter. The materials in this group include 

■ U. S, P»1 t.lS7.2.i» ol Jun IS. 1910 to B (1 ('Mler 

' U. S. Pat, 109, tso ol Nov 22. 1S70 to Froilfriok Brck 

• U. 8. Pat. ain.192 ol Jan. 0. ISS3 to J. T. Kdaon. 1,007,140 ol Oct. 31. 1911 to U. J. Schroder 

*G«r. P*t. App! lO.HOO of NUr. 14, 1904 to A. W. Andwnwb. 

• U. 8. Pat. 1.233.501 of July 17. 1917 ti> J C Pelton 

• U. 8. Pat 1,022,701 of Apr. 9. 1912 to S. G. Wright. 

'U. P. Pat. I,l00,.505 of July 11. 1916 to H. £ Boardnian, Eng. Pat. of 1912, Apr. 1, No. 
7.872 to A. J, Boult. 

Ml H Pat 1,248.170 of Nov 27. 1917 to K. J. Schrodpr. 

*U. 8. Pat. 130,376 of Aug. 1.3. 1872 to Howard Kirk and Jamra Winamorc. Jr. 

'•U. 8. PaU, 753.982 of Mar 8. 1904 to 8 R Hollaud. 1.235,270 of July 31, 1917 to J B. Wiw 

»• V. 8. Pat 453,979 of Juop 9, 1891 to 0. 8 I.w. 
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wood flour or sawdust,' granulated cork,^ etc. These are embedded in 
the surface coating while it is hot. The wood flour prevents the con* 
volutions of the rolls from sticking together, and at the same time 
promotes the adhesion behveen the fabrics and the hot cementing com¬ 
pound in constructing built-up roofs or waterproofing membranes. 
Cork is , used primarily for insulativc effects in cold storage work. 
Ifituminized fabrics surfaced with cork cannot be u.sed for roofing 
purposes on account of the coml)ustil)le nature of the cork surfacing. 

Saturating the Fabric. Felted or woven fabrics arc impregnated 
with the bituminous saturating mixture by continuou.sly running the 
web through a tank of the latter maintained at a high temperature. 

Attempts have Ix'cn made in the past few years to saturate the 
felt fibres as they are originally fornnal into the sheet.-' experi¬ 
ments have recently been made with an alU'rnativc method of inter¬ 
mingling the fibrous and bituminous constituents in the prcswice of 
water, by forcing them through a perforated steel plate, and then 
moulding the product in sheet form.^ 

■Vt the present time the trade recognizes two types of .saturated fabric, 
viz.: 

(1) Those saturated with tar products.'* 

(2) Fabrics saturated with asphaltic products," including fatty acid 
pitch.' 

A inodcni form of apparatus for pnalia-ing tar-Siiluransf fabrics is illiisIraU-tl 
in l-'i,; 1'2I) 'I'hc roll of iiicsaluralcsl fabric is iiioii.ilcd al llic left of the illiisiralioii. 
Tile frame or ■' gallows " in the wiitre lowers the web iiilo a steuiii-hcaled tank 
carrying the hot far (not shown) by the means of the crank illnsiraled in the fore¬ 
ground. .\fter leaving the bath, tin- .saliiratcd sheet jiassi-s around two steam- 
heated rolls {show'll at the right of the frame work), and thence around the winding 
inechamsm shown at the extreme right of the ilhisiralion 

\ machine for saturating fabrics with asiihall is shown in Kig. 121. 1'he roll 
of uii.saturated fabric la sn|i|iurted at the rear of the illustration, whence it is 
lowered into the tank of the melted us|)hall (not shown), by (he vertical frame 
o|H’rated by the cnink shown at the left. After leiiTing the lank, the saturated sheet 
pa.s.ses lietween two steam healed pre.ss-rolls one alsive the other, located in front 
of the frame, and then around five steuni-hcaled rolla mounted in two tiers, three on 
top and two lielow. These drive the excess of asphalt into the sheet, causing the 

> i: 8 Pat. 1.20(1,403 o. Oct. 3'. tOiS to Matliiaa PoulaoD 

■ i: 8 Pat. 674,219 of May 14, 1901 to J A Scliaraalli. 

■v 8 Pat 103. too of May 17, 1870 to ganiuel Kiogaii, Gci. Pat. 210,703 ol 8ap 0, 1906 to 

Jutiiia Katbe 

•U. 8 Pat. 1,204,632 of Nov 14. 1910 to J C. Woodley and R P. Pirry. 

•U ,8 Pale. 103,636 of May 31. 1870 to T. R. Abbott. 111,611 ol Feb. 7,1871 to J M. Colibl 

119,069 of 8ept 18, 1871 to H N. 8tiineon: 230.148 of July 20, 1880 to G. 8. Pete. 826,744 
of July to, 1846 to A K MilliniitoD. 

• Britleb Pet. ol 1876, May 21, So. 2,295, to J .8 Norrie; f. 6. Pats. 820.694 ol May I.', 
1906, to I. A. Bond. 876,008 and 876J)10 ol Jon. 7, 1908 to F. C. Overbury. 

' Oer. Pal. 122,893. May 6, 1899, to A. W. Andernarb 
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saturated fabric to leave the nmchim* inTfoetly “dry.” It is then wound in largo 
rolls on the automatic winder shot^ii in the fori'grouiid. 

The tanks in both the tar and asphalt aaturutorM may W heated either by ateam 
or direct tire, 'fhe fonner is ordinarily used iHuansi* of the safety and eiuse of con- 
tnil. Tar products are usually maintniiu'd at 2(X)-270* V., and asphaltic proilucts 
at 225-400* F. In the ty|»e« of nuiehines illustrated, the fabric may Ijc saturated 
at a H{)etNi of 330-250 lineal feet {ht minute. The weight of saturation ahsorlnyl 
by the fal>ric is controlled by the depth to which the web is immersiHl in the tar 
or asphalt, which in turn is n^gulated by raising or lowering the frame. The 
surface of the web in contact with the saturant varii.s from 10 to 30 lineal fiTt. 

The following figures will give some idea of the iH'rcentage.s of saturating nmti*- 
rials taken up by the fabric, l>uscd on its raw weight: 

Felt will af)sorl) 115-180 jvr cent of soft coal-tar pitch, or lOO-ltiS per cent by 
weight of asphalt. 

Ihirla|) will absorl) 90-125 |)er cent of soft coal-tar pitcli, or 75-l(X) jx*r I'ent by 
weight of asphalt. 

The largiT the ticrcentage of any givi'ii satnrant absorU'd by the felted or woven 
fabric, consistent with the formation of a “ tiry ” surfaiv, the mon^ durnl)ly will 
the libnw In' water-pnsifcd ami wcalher-pnKjfcal. If (he felt is undcrsatnrafeil, (he 
finished sheet will lx* |M)rou.s and al>soib nmisiurc m muvici*. On the oilier hand, 
if the slieet is oversatuniteil, a part of the salurant will remain on tl)e surfaeo 
and cauw- the convolutions of the roll to stn-k logclhiT. 'rhe Ix’.st jiractice consists 
m running a sheet so that it will .show “wet s|mj(s” as jt leaves the bath of siilu- 
raiit, whicl). however, will Ix'comc abs«»rlH*d wlu-ii it c(M)Is to atmospheric temtxTu- 
tun* The alfsorption may U* a.s.sist<*<l by preventing ific .surfact* cooling too cjuickly, 
ho (hat the natural contraction of (lie silurant will have an opjiortunity of drawing 
111 the “wet ” stMits !)>’ capillarity. 

It IS customary to market tar and a.splialf .sal’iralcd felts in rolls of the follow¬ 
ing dmieii.'-ions and weights: 


1 

Si /0 Ilf Roll 

1 

Wiii'M ixi ft 

W,-i,{l,l por MIS.Sq ft 

" Shier h’ Fell" (Tntreil): 

J’oiiiiiIh 

PikiiiUb 

m III per 500 flq ft. 

i> 0 

.5 

sa III por .'>00 wi ft. ... 

II r> 

7 1 

40 lb per •'>00 eq ft. 

s 0 

8 0.5 

Tarred fill 



.'lO lb. per 4.'12 sq ft . .. 

nr. 

12 5 

60 lb per .'>00 8q ft . . . . 

12 0 1 

1.1 0 

40 lb per .124 w|.ft 

12 .1 

13 .1 

5.5 lb per 4.12 8<i ft 

12 75 

13 7.5 

00 lb {>er 412 mi ft .. 

14 0 

1.5 0 

48i lb per 324 mi ft . 

1.5 0 

to 2 

00 ih per 400 mi ft 

1,5 0 

16 2 

4.1 Ih per 216 mi ft 

20 0 

21 4 

00 lb i>er 250 Mi.ft . 

24 0 

2.5 9 

Atphali fell- 



44 Ih per 4.12 Mi.ft . . 

10 2 

It.O 

60 lb. per 500 mi ft .... 

12 0 

13 0 

56 lb per 400 mi ft - 

14 0 

I.‘> 0 

48} lb. {>er 324 mi ft . 

15 0 

10 2 

43 Ib. per 216 mi ft 

20 0 

21 4 
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Fabrics saturalnl wilb tar or asphaltic products arc used for the fottomBu 

purixMv: 

(IJ As HU intccimsILile product in the nianufacdirp 0 / "prepared roofings’’ 
and coniin/silion shinnies. 

(2) In (lie manu.'adure of hihwinumi floor rovorings. 

(3) For amsirucling " huilt-iip ” roofs. 

(4) For consirucling waterproofing memliranes. 

(5) For hitiiniiiious expansion joint.s 

" Prepared roofings ’’ are distingniahod from " saturated fabrics ’’ by being com¬ 
posed of: (I) Srngle-layered fabrics coaled alone, or Ixith saturated and coated wilb 
biluminoiis eompositioiia; (2) laminated (mulliplc layered) biluminated fabrics 
having at least oni' of ibe layers saluniied, Ibe fabric lieing eilber unsurfaced, or 
aiirfaa'il on one aiile, or else surfaceil on bolb sides wilb biluniinous eoinpositions. 
In the next succeeding section, wc will consider prepared roofings composed of a 
miyle layer of fabric 

Single-layered Prepared Roofings. In the early days of the indus¬ 
try it WHS enstoinary merely to surface a felted or woven fabric with 
bituminous aiibslanees.' 'I'he nexi step in the ilevelopment of the indus¬ 
try consisted in liolh saturating and coaling a single web of fabric wilh 
biluminoiis mixtures, and surfacing with talc, sand, powdered limestone 
or gravel.- 

Most of the prepared roofings manufactured to-day arc made np 
of a single layer of " roofing felt" saturated with bituminous ingre- 
dienls of relatively soft consistency, and surfaced on Ixith sides with 

'U S I'ftt# H.V.iH i>f Mhv « ISlt. til iMitmard Dciifiifh, lUtt-riliiiiR tlip tine i>f nsiilmlt font- 
luneil With fiita nr mb for roiitinx paiicr or cloth. 17.S,‘)| of July i;i, is't7 to J H V'ai.ils, doHcrilj* 
in(t outton cloth coutcil \tith i-oal tar and fattv-amd t»t<'li and surfaepd Hitli sand, 80.:(l7 of July 
21, 18(18 to Alfred I’araf, poatiiift wo\en i-loth i^ith a mixture of ttrahainite and xeiielnMo ml, 
l.'>l,fl8J of Jun(‘ ft. 1874 to i.lins Bnridiant, i-onting' felt with poul-tur pitch and saiidiiitf the surface. 
187,748 of Fel) 27, 1877 to J (’ ('lienthnni, confiuD; cloth with » imxtiire «>f coal tar, lime and sul¬ 
phur anti BurtacitiK with jimvel. 27s,IS| of Mav 2'l, IS8.1, to S M Mien, coatintt felt or paper 
with a mixture of asphalt ami pulpcil (ihres, I'dig I’at of IHsri, Oct 31, No 13,110 to J I’ A 
I’lerret, coatinic felt or burlap witli a inixtiire of eludi!c asphalt, luitite asphalt, rosin ami earthy 
matter and surfacitiK with saml. ISSS, Mar .'i. No 3,3.'>4 to Tliomiis Tliomaon, eoatinir cloth with 
a mixture of fnfty-ncid pitch, xegetaMe oil, ehalk. fibrous matter and a coloretl pigment. 1889. 
.Mav 27, No 8.79.') to A N Ford, eoatina woven fabrics with a mixturs of fatty*acid pitch, lin- 
sec«l oil, soap and petroleum 

* r S Tati 93,8.’>0 of tug. 17. 1809 to J M t^obb, felt saturated and coated with tar and sur- 
facer! witli saml or gravel. 170,828, 179,829, and 179,830 o' Julv 11, 1870 to C M ttarreii, als > 
180,081 of July 18, |s7(), and 191,208 of Mav 22. 1877 to C M Warren, felt or paper saturate*! and 
eoateri with mivtures of native asphalt, residual nsphult and fattv-acid pitch, 382,130 of Ji lv 31, 1883 
to Welcome White, felt saturated with tar and coaterl on one side with a mixture of eoal tar. aslvestos 
Hud soaiistotie. 3(NI,040 of June 24, 1881 to Pliilip Carev. felt composed of wood pulp, aal rstes 
and clay saturate*! and eoate*l with asphalt, 34.'),399 of Julv 13, 1880 to C M Warren, felt eiitur* 
ated and *'oateil with a mixture of native osplmlt, sludge asphalt and fattv-acid pitch. 348,990 
of Sept 14. 1880 to T. J I’ear*-e, anil W M Heardslev. saturating and coating a felte*l or woven 
fabric with residual asphalt, 3.')8..'>0.1 id Mar 1, 1887 to (I W Swan, a woven fabric saturate*! and 
coated with residual asphalt and Burfa<'e<) with )ineBt*ine, Fng Pat of 1879, June 27, No 2,,’'i0t) 
to W. B. lUtchie, felt saturate*! ami coated with a bituminois composition, 1897, Apr. I. No 
8,343, to J i). Blackwell, saturating ami coating cloth with fatt.v-aci<l pitch. Oer Pat 92,308 of 
Aug. 12, 189,') to A W Andernaih. felt saturated with coal tar, eoate*! with a bituminous mixture 
eontaininf sulphur, and surfaced with sand- 
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a harder bituminous romposition. Tliey are marketed in roll form, 
either 3G in. or 32 in. wide, inea-suritiR IDS s(|.ft. in area, known coin- 
mereially as a “s(|uar('," which is suflicieiit to cover 1(K) sq.ft, of roof 
surface, allowing for 2-in. laps at the joints. Prepansl roofings are 
marketed in several weights known to the trade as “ plies." The term 
" ply," however, is a misnomer, as it does not, ns one would suppo,se, 
refer to the layers of fabric fonning the r(K)fing, but is used to desig¬ 
nate the ircight of the sheet consisting of a single layer. It is customary 
to manufacture a ,so-calied " 1-ply ” roofing to weigh 3.5 Ib. gross per 
square, including the paper wrapper and heads, together with stiflicient 
nails and liquid lap-cement for laying, packed in the core of the roll. 
The net weight of the roofing runs 2 to 4 lb. per square le.ss than its 
gross weight. “ 2-ply ’’ roofing weighs 45 lb. gross per s<|unre, and 
" 3-ply " 53 lb. Heavier weights are also manufactured, especially in the 
case of roofings surfaced with moderately course to coarse miiaral 
matter, which arc often made to weigh 1(X) lb. jar scpiare or over, 
rnfortunately, no standard practice is followed in mumifacturing the 
heavier weights, each manufacturer l)eing guided by hi.s own views. 

The surface may Ik‘ manufactured smooth, or it may have a 
“ veined ” apix'arance as illustrated in Tig. 122. In either event, if is 
customary to sprinkle a “ dusting finish " of finely powdered mineral 
matter on the surfaces (p. 3t)4) to prevent the convolutions of the roll 
sticking together during transit or in storage. It is desirable to apply 
the dusting finish while both coatings are hot, so that as much as pos¬ 
sible will emiwd itself in the surfaces and will neither blow away nor 
be washed off the roofing by the first rainstonn, after Wing laid on a 
buihling. Not more than 3 lb. per square is necessary for this purpose.' 
In other cases, either one or both surface coatings may be adorned with 
moderately coarse particles of mineral matter (p. 4(X)), including 
coarsely ground talc, of which 8 to 15 Ib. are applied per square to 
both sides of the sheet (Tig. 123); small rounded grains of sand, of 
which 10 to 20 lb. per square are used, including both sides of the 
roofing (Fig. 124); and angular particles of crushed slate-or greenstone, 

' GraniiUrmetrif (it the talc, iiaad aa "itiiitinB fiiiuh'' »ill ali.iw Ironi .(, tn 2.'i per 

Mat of (lartulpt paaaiiiii an 80-. but rtlainod on a lOO-mah Have, Iht lorniCT applyin« to finaly 
irounS talra anil the latter to eoattely bolted prialueu. 

■ Cruahed elate uaed by the leadint manulacturera In tbia country teat« aa lollowa: 

PaaeinB 60 but retained on SO-meab aiave , 0 1% 

Paaeina <0 but retained on OO-nieah aiete. 1-10% 

Paaaine 20 but retained on 4fl-nieah eieve. 20-66% 

Paaaina 10 but retained on 20-ineab aieve . . . 3.5-70% 

PaaainB 8 but retained on 10-nieah aieie 0-1%. 

SpeeiOeatiora require that loa than 2 per cent ahall paaa a 40- or an 8-meah aieve. lea than 33 
per rent ahall ra«" a '.'0-. and more than .50 per rent paaa a lll-nieah aieve. 
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Vio. 122. Prepared Roofing Etnighed in 
a Veined Surface. 


Pia. 123,—Prepared Hoofing Itnighed 
with Coarse Talc. 



126.—Prepared Hoofing Knfahed 
»dth Crushed Feldspar. 


Ita. 127.—Prepared Roofing Finished 
with Pebbles, 
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of a midish or greenish color respt‘ctively (Fig. 125), of which 25 to 35 
11). |)(*r sejuare are affixed to one side of the sheet. It is custonmry fo 
einls’d th(‘ coarsely ground talc in lM>th coatings, the munded grains 
of wind in either one or l)Oth coatings, and the angular particles of 
slate or gre(*nstone is one coating only. The lai^t, known os “slate¬ 
surfaced roofing,” is usually manufactured from a No. 50 to A'O. 55 
dry felt, so that the finished weiglit including nails and cement ^^ill 
range between 80 and 85 Ib. p(‘r wjuare. 


Ono-ply is varioudy nmnufaciurcd from No 30 lo No. 45 dry felt, 

two-ply from No. 4(1 lo No. (Kt ami Ihn^'-ply from No, 50 to No. 75. When* the 
light weight dry felt is UM*d m iiumufaeturmg any parlieiilar ply, a eorn.‘.'<|xmdii)g 
larger pr4»|H)rtion of <‘oaling must )h‘ applied to hrmg tlie weight of llu* fiiii.shc'd 
n)ofing l4» 3.'), t.*) or 5.“) Il» gi'.ws, whu’hever the cilm* may Ite 'The weight of iliv 
felt iH'd will (ifiitiiji- No 3a, No .')() and No (i.5 fi»r the one-, two-ami thn*<*-|ily 
n“^|Ka-li\el\ 

In oilier ea.sc.s <H)arM' particles of mineral matter art' ('inlxaldt'd in tlu‘ iippir 
Miifaee only, including eni-lual feldspar, of whnii 30 It) ll> an* use«i pT s(juaM* 
(I'lg I'JOj, or even faiily laige |K‘l>l)le.'', of whu'h tO 0.5 lit are UM’d |H‘r s<piare d'tg 
r.'7l 

'I’he weiglit.'- 4tf l)iluniinou.s eoutiiig {unfilled or filled) applied jier .square, e\clu- 
.Hive of the mineral surfacing, range a.s fitllows 


l-ply (3.'i II)) 

J-pIv (lo III ) 

3-ply (ii't 111) 

Slafe .'•urfaeed (SO ili) 


() to 1.5 II) (liofh .shies) 
7 lo 'JO 11). (Imlh .side.s) 
S to 2:> 111. (hoth sales) 
1.5 lo 2.5 II). (one .side) 


The thieknes.s(‘s of ihe timshed nMiling.s varv Ix-tween ihe following liimfs 


Siirfaee<| wifh (ale 
Surfais-d with tal<‘ 

Surfaeed with lair 
Surfaeed with fine wind 
Surfaced with fine sand 
Surfaeed with fine siiifl 
Surfieed with line sand 
Surfaeed wilh fim* sand 
SurfaexMl with eru>hed slate 


1- piv (.3.5 II)) .50 fo fit) mils 

2- plv (1.5 11)) 05 to SO mils 

3- plv (55 I!)) 80 to 100 inil.s 

1- piv (35 III) 45 to 50 mils 

2- plv {15 li)) (W) to ()5 niil.s 

3- plv (55 III) 75 to SO mils 

N-jilv f05 II)) 00 to 100 mils 

XN-pIv (75 II)) 105 to 115 mils 
(Wi III ) 120 to 115 milh 


Tile eom|K)Mlion of typical singlc-lavensi prepared roofings is .shown in 
Table XXXII 

(’ross-siM'lioiis of the prim-ipal forni.s oi single-iayere<I prcpansl roofing are shown 
111 A, a, and (', Fig 100 

A single .sheet of iiofi/t fabric sueli as duel, surfaml on one nide with a bitu¬ 
minous miUure dustcsl with {lowdered tale or mica, is largely used at the prewnt 
tiiuo for covering smainUiat 4leck.s or jsirch nxifs v\here subjecle<i lo fmit traffic. 
The material la hud with the bituminous side ilowii, whercuiMin the unaurfaecd <lurk 
ia iMiinfcd with several coats of a colons! hns<><-d-oil-piginenf paint. A aingle aheet 
of woven fabric saturated wiili a .soft l)iluminou.s <•u^nJ)Ohlllon, coated on bofb aides 
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Tvi'i 

•: A. 





TvP!; \ 





Smooth Surfaced 



Smootii 

Surfaced 


Itoofldg 36 iDChM Wide. 


(Unhllod Coatings). 



Cl illcd Coatings). 
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witli ix mixt\iro of Imnlor consislpuoy atul siirfiiccd with |K)w(l(‘rpil talc or nnca. is 
being used largely for roofing railroad passenger cars and loconiolive ealw. Thu 
is manufactured from “numl>ercd'‘ ducks weighing 11.40 and 14.73 ounces {kt square 
yard, the finished weights lieing 2.1.*) and 2,30 lb. per square yard rosjiectivcly. 

In manufacturing singUylayered prepart'd rtwfings. the sheet of feltetl or uoven 
fabric is first saturated by passing it through a l)ath of the melted bituminous 
saturation. The saturatwl sheet may then lie coated immediately with a bituminous 
composition and while it is still hot, or else it may l>e wound into large rolls 
allowed to cool and coated later. Both methods are used at present, the latter 
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ln-itin knouti thr mlcnmm'iit and iIk* foriiHT .-i.s (hr roiMinuous i)rf)r<‘h.s Farh 
IM claitiH'd to hitv(‘ it.s partK’ular advaniaK*'^ Idif aiitlajr ih iiii-liiK^d to favor the 
eonlinuoiis proce.siJ, since the coaling is applied <lirect)y to the hot Rhcct, hIucIi 
cnahlos the saturating coiniHiund on c<K>ling and coniracling to draw tlie hot and 
plastic surface coating into the sheet, forming a “ ki-y ” U^tween the coating and the 
fahne, and produi’ing a demn shwt of roofing for this reason, roofings iniwle hy 
the continuous process do not measim^ as Ihitk for a given weight, although to 
counterlmlance this, they arc less porous, and consequently are less apt to absorb 
moisture. 
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The intermittent type of roofing machine is constructed in two units, operating 
independently. The felt is first saturated and wound into large rolls on an asphalt 
saturator as illustrated in Fig. 121, and subsequently run through the coating 
machine shown in Fig. 128. The roil of saturated felt, 1, is passed through steam- 
heated coating rolls 2 and 3, which distribute the melted coating composition fed 
from ail overhead storage tank (not shown). Mineral surfaciugs may be applied 
by the mechanically actuated hopper 4. The sheet is then drawn through the 
“ pull-rolls 5, after which it is cooled by an automatic loopmg device, which 
catches the sheet at 6 and carries it along towards the winder and cutter 8, allow¬ 
ing the loops to accumulate at 7. The cooling loops 7 will accommodate 25-60 
squares of roofing and thus enable the coating o))eration to continue uninterruptedly, 
even though the winder and cutter may temixiranly cease o|)crating, as for example, 
when a finished roll of roofing is removed from the winder bar at 8. 

The simplest form of machine for pianufaeturing roofing continuously is illus¬ 
trated in Fig. I2tl. A roll of raw felt is shown on the “ unwinder” at the left of 
the figure. The sheet tlicii pas.4 ‘s through the saturator, zigza^q^ing hack and forth 
several times to present a birge area to the coinpoumi and increase the time of 
contact. From the saturator the web paascs around the steam-heated ” saturating 
rolls ” which “ drive in ” the saturnnt and remove the exce.ss, so that the surface 
of the sheet will appear “ dry,” when the top and lioftom coatings arc applied 
by the steam-heatiKl coating rolls. The melted coating n.ixturc Ls flowed on the 
uptier side of the sheet where it is spread uniformly by the upjier roll and the excess 
allowed to flow into a small tank underneath, where it is picked up by the lower 
coating roll and spread on the under side of the sheet. The mineral surfacing is 
applied when the sheet reaches (he coolers by the contrivance shown in Fig. 130, 
the sheet first passing underneath hop()cr A where particles of talc, sand or mode¬ 
rately fine granular matter are evenly distributed on the up|)er surface, and then 
around the water-cooled roll A winch firmly prcssc.s the mineral matter into the 
hot and soft coating. Hopj>er H applies llic particles to the underside of the sheet, 
and the water-cioobd roll li, emlwcls them into the Ixittom coating. The "coolers” 
consist of large hollow watcr-cxiolod drums. The " pull ” rolls supply the necejsiiary 
tension and arc provided with a mc:usuring device, which cnal.les the winder shown 
at the right of the figure to roll up and cut (he fini.shed roofing into small units 
of suitable lengtiis. Tlie details of the winding mechanism arc depicted in 
Fig. 131. 

Another machine for manufacturing roofing continuously, embodying some of the 
features of both machines previously de8cril)ed, is shown in Fig. 132. The sheet 
travels from right to left, first timmph a "saturator,” consisting of a deep tank 
heated by steam or direct fire, and then around a stationary air-cooled loopmg 
system. The surface coatings are next applied to f)oth sides of the sheet, and while 
still hot, mineral particles are sifted on the upi^r surface from the so-called " slate 
feeder.” The sheet then travels around eight water-cooled drums, of which the 
first two servo as pre.ss-rolls to firmly emlied the particles in the coating. After 
this, the web is carried along !)y a movable looping device similar to that shown 
in Fig. 128, which serves to cool and store the finished sheet until it can lie handled 
by the draw-rolls, winder and cutter shown at the extreme right of the illustration. 
One method consists in saturating and coating a sheet of double width and then 
ghtting it longitudinally into two sheets of the desired width.* 

> U. 6. Pats. 87e,008 and 876,010 of Jan. 7, 1008 to F. C. Overbury. 
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Fiu. 130,—Device for Applying Mineml Pattides 


Comtety of G.ujrton 4 Caiafer Mfg. Co 

to the Surface of Prepared Roofing 



Fio. 131.—Winding Meehaniaoi, 
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Very often prepared roofinjp surfaced w ith 
finely powdered mineral matter, such as laic 
or limestone, turn yellow on aging indoors. 
This discoloration is due to the use of: 

(1) Bituminous coating or saturating 
mixtures containing a large projKirtion of 
volatile matter. 

(2) Coating comjxisifions whicli do not 
l)lend thoroughly. 

(3) Coatings containing a large pro|K)r- 
tion of “ greasy " or oily constituents which 
impart a dull surface to the Sfiecimen on 
aging indoors one week ('IVst 3). 

I'hisyellowdiscoloration not <mly detracts 
from the ap(M*araiice of the roofing ami inter- 
feri's with its sail*, hut indicates tlial iniprojier 
mixtures have l)cen use<l m its manufacture 

'I he function of the coating is to seal 
in the sjituralion, prote.-t it from oxidation 
and Volatilization, and exclude moisture from 
the fal)ric fihros. The coaling should weather 
awav gradually and miformlij. A.s soon as 
tlie coating disapp(*ars through weathering 
or attrition of the elements the fabric uiil 
{•onuiictice to rot. and weaken, until it tears 
during the fir^.t heavy wind, and this will 
teriimiale the life r»f the nsiling. 

A proiHuIv laid prepared roofing will no 
longer fulfil its furielion as a n*.sull of: 

(1) l;oeaI iK-rforalions due to the coating 
eoui|Mmnd failing in spots, tlie seams ojKuiing 
Ilf) on account of the lai>-c<‘Uicnt lieing faulty, 
hard lumps or particles m (he fell, rusting 
away of the nails,tlu* hituuiinous matter la-uig 
extracted from the felt hy rosin or tur(n*ntin(* 
111 the roof hoards, tlie fahrie drying out or 
otherwise* liecoming brittle and cracking, the 
r(M)f licing 8uhj<*cted to undue external vio¬ 
lence such a.s a hailstorm, rough walking 
upon it, dragging heavy articles over it, 
•jhjects falling ufion it, etc. 

(2) The fabric weakening to such an extent 
that it is torn and rendered unserviceable 
by the first heavy windstorm. As long as the 
weather coating remains intact, this will not 
occur, but just as soon as it wears thin or dis¬ 
appears, moisture will find its way into the 
fabric and rot its fibres, so that the roof is 
soon doomed unless it is repainted (p. 470). 
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(3) Trouble caused by the underlying roof boards; due to shrinkage, eraeking. 
splitting or rotting, which would subject the rmjfing to excessive strains, and cither 
rip it from the scams or tear the sheets. 

Most manufacturers recommend that prepared roofings be coated from time to 
time with a bituminous paint (p. 470) to renew the weather-coating as it wears 
sway. This procedure is applicable to sitiooth-surfared roofings, or ones surfaced 
with very fine sand or grit. Slate-surfaced rcaifinga or roofings coated with gravel 
or crushed rock are not amenable to painting, due to the interference of the eoarsi' 
mineral particles. With projicr care and rciiainling at intervals, a properly manu¬ 
factured single layered 3-ply smooth stirfaecd prepared rooting will remain service¬ 
able lor 20 years. Some nianufaclurers guarantee the I-ply roofing to Inst five years 
without painting, 2-ply from five to ten years with one painliiig, and the 3-ply 
from ten to twenty years with two or more paintings. As in other industries, 
it is generally true that the smaller and less rea|ionsible the mamifaeturcr, the more 
Extravagant the guarantee offered. In recent years, guiiriintees have been very much 
overdone by I'ortaiii preiiared roofing nmnuluelurers, and as a result the public has 
grown wary, but is fortunately lieginiiing to jiay more attention to the manufae- 
turer’s rc|iiitation and to the record of the piirtieiilar brand of roofing, which alter 
all afford iniieh lietter tussiiraiiee than a “ guarantee.” 

Laminated Prepared Roofings. Tliese consist of two or more layers 
of bituminired felted fuliric conipo.sed of vegetable or animal fibre.s,' 
two or more layers of bitnminized teomi fabric coniiiosed of aniniiil nr 
vegetablo fibres; ^ two or more layers of liitiiniiiiizcd felled and n-omi 
fabric composed of animal or vegetable fibres; combinations of plain 
or saturated asbestos felt with bilmninized woven or felted fabrics 
composed of vegetable atid animal fibres.' 

' P. H I'oU 44.220 of SepI 111, 1SC4. ami ra-aiic 4.sii2 of itpr fl. 1^72 to Alfml Ilol.ineoii; 
4S.m of Juii. 20. 1X0.4, and 75,197 of Rfar :t, Ksos lo Alfred IloOiiiBon, 202,f'02 of Apr 2.'f, 1S7S to 
C M. Warrm: 211.661) of Jan 28. 1879 lo W fl llankin. 237,1.58 of 1 oh 1, 1881 lo It. A. Jlon- 
dall; 266.368 of Apr 11. 1882 to (i. If. Coaoliel, 278,278 of May 22, 1883 to Aojriietino Sarki-tt 
291,600 of Jan 8, 1884 to ,lo«iali Joailt, 312.4.51 of I rl. 17, 188,5 lo Mirharl I'l.rol, Jr . 318,1110 of 
May 26, 188,5 to Jolnih Jo«iU. 341,043 of .May 4, 1886 lo Toliiaa New. 3.5I.1I48 of Nov 2, 1886 
to C. M. Warren. 362,202 of May 3, 1887 to Cltilip Carer. 418,.56!1 of flee 31, 1889 to fl W 
Jobnt: 427,174 of Mar 6. 18110 lo M C Kerliaiiyh. 4211,88.5 of Juno 10 , 18110 lo W If If ChilOa, 
4,5,5,000 of June 30, 18111 lo M C Kerliauali. 674,2111 ol Mar 14. 1901 lo J A. Scharrrath, 851,331 
of Apr. 23, 1907 to If. It. W’ardell. Kna Pat of 1873, Sepl 26, No 3,147 to J. A. Turner Get 
Pal 121,436 ol May 6, 1809 to A. W. Andernaeh 

* Kns. Pat. of 1888. Sep. 28, No 13,971 to Donald NiooII, V S Pat 1,248909 of Deo 4 
11117 to H. B, Pullar, 

'V. S. Pate. 125,.574 ol Apr 9, 1872 lo If W Jolira 1,50.630 ol May .5, 1874 to J A Turner, 
278,722of June 5, 1883 and 293.491 of pel) 12. 1881. aleo 304.741 of .Sepl 11, 1884 all p) H M Miner. 
385,0.57 of June 26, 1888 to Aletandor Jonca, 4,53,979 of Jiini- 11, 18111, and 4(81,668 of Jan 31, 1893 
both to G. S. Lee: 024,976 of May 16. 1.899 to It J Iteiliok, 636.022 of Otf 31, 1899 to G 1) 
Crabba and W. II. Pendery. 7.53.082 ol Mar 8, 1904 to S H Holland, 77.5.068 ol Nov 29, 1904 to 
August Groaa; 813,336 of Pcb. 20, 1896 to 11 II VVaplell. 820,470 of Mar 1.5, 19(16 to 11 W. 
Bird: 845,414 ol Feb 26, 1907 to Samuel Herbert, Kiig Pat of 1888, Apr 14, No. 5,577 to W P. 
Thompaoni 1893, Oet. 14, No. 17,003 to Emile Pierret. 

*IJ. S. Pata. 333,138 ol Dec. 29, 1885 to Franeia Fine. 418.519 of Dee 31. 1889 to H. W. 
Johni; 690,526 01 Jan. 7, 1902 to F. S. Miller and W. B. Davenport. 817,619 ol Apr. 10. 1906 
to 0. F. Biihoprie; 1,220,966 of Mar, 27, 1917 to 0. 8. Emigh, Ger Pal. 141,760 ol May 22, 1901 
to Maurice Coutellier. 
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The fabrics may be combined in innumcraWe ways, and in as many 
layers as desired, but ponerally with fi\e as the maximum. At the 
prc.sent time the most iwpnlar forms of multiple-layen'd prepanal ixsif- 
ings include the following; 

(1) Two or three layers of tarred felt cemented together with coal- 
tar pitch. . 

(2) Asphalt-saturated felt fastened with an asphaltic adhesive to an 
asphalt-saturated burlap, and surfaced top and bottom with an asphalth^ 
composition. 

(li) Hurlap eml)eilded in an asphaltic adhesive lietween two layers of 
asphalt-saturated felt, and surfaced top and bottom with an asphaltic 
eomiKisition. 

(■f) Untrealed cotton duck fastene<l with an asphaltic adhesive to an 
asphalt-.saturated and coated felt. 'I'his form is iuteiided for us(! as a 
decking or |K)rch eov<'ring. to have its up|H‘r surface painted with an oil 
paint, as jtrevioiislv described. 

(.')) Two or more layers of a.sphalt-satiirated asbestos, fastened 
together with an asphaltic adhesive, anil in some ca.ses surfaced either 
with a sheet of un.saturated aslavstos felt, or with an as|)haltie coating 
coni[s).sition. 

(0) An asphalt-.saturated fabric, either woven or felted, fastened with 
an asphaltic adhesive to a layer of asphalt saturated a.sbe.stos. 

(7) rnsaluraled asbestos fa.stcned with an asphaltic adhesive to a 
layer of asphalt-.saturated and coated felt. 

Since It tvoven faliric (tiurlap or ccflon ducking) ahsorlw it Hiimllor pcrccnoige 
of Itiluminoiis siitiirnlion Ilian a felted fatirie, tlie foriner when siiluniled is far less 
weallier-reaislnig It is preferalile, therefore, to use llie woven shwl for Ixirhnu n 
liiiiinialed roofing, and llias prolect it from tlie direct aelioii of the weather as iinteh 
a.s [HKsilile, and where it will al the siune lime fulfil il.s funeliiin of adding to the 
strength of the finished jirodiiet. 

Processes hate also tiecn deseritied involving the ase of wire mesh fastened with an 
a.sphallie adhesive to an asphalt-saliirated felled or woven falirie eoinposed of ani¬ 
mal, vegelalile or mineral filire.s' iiut this is not priieliralile, aa the coat of wine meah 
is prohiliiiive, and heaidea ia apt to rust out m a abort time. Another structure 
conaista of a slieet of thin lead emlicdded in an aaphultic adhesive between two layers 
of tarred fidl ’ 

A more praetieal device consists in fanloning a sheet of thin steel with an 
asphaltic adhesive lietween two layers of treated iialieat(» This is marketed in either 
flat or corrugated shcet.s of 26 to 20 gauge, weighing 125 to 225 lb, per 100 sq. ft. 
net. The flat sheets measure 30 in. by 6 ft, 8 ft, 9 ft. or 10 ft. respectively, 

' f S Pan 440,77.'i of Feb. 17, IStll to J N llopiier, .'.39,767 ol May 21, 1889 to F. W. Coop 
baiiitK and N M GootUett, 707,723 of A«ik 10, 1004 to F W Terpentiing. 

» U S. Pat 441,030 of No% 18, 1890 to .Arthur Wcbel, 
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and the eomipted sheets 20 in. by 6 ft., 8 ft., 9 ft. or 
10 ft.‘ The material may either be used as a siding or 
rcwfing, and is strong, light, rust-proof and fire-resisting. 

Flexible laminated prepared roofings may be manu- 
fuetured either by the continuous or the intermittent 
process. If the former is used, the individual layers arc 
first impregnated in a tar or asphalt saturator (p. 39.5), 
tlien wound in tolls of large diameter known as "jumbo” 
rolls, and finally joined in the desired number of layers 
and seipienei' on a form of maebine illiistnited m Fig 133, 
designed to assemble not exeiodiiig five layers. If made 
on a continuous-iiroeoss machine, as many .saturators 
must be provided as there are layers to be impregnated. 

With the exception of 2- and 3-piy tarred roofings, 
multiple-layered roofings are not manufactured m standard 
weights. The 2-ply tarred riHifing ranges between 40 and 
4.511)., and the 3-ply between lid and liS lb.in one-sipiare 
rolls. 

Roll Roofings Finished with an Ornamental 
Surface. Ntmioroiis dcvii'cs have hccii used to 
break the contimiity of slicet roofing, by finishing 
it to siinnlati' the appoarancp of tiles or shingli's 
as illustralpil in Fig. bit (.1, H, (', I) and' 

One method consists in embossing the sheet in 
imitation ol tiles and tilling in the depre.ssions 
on tho imder side with a eoniposilion of mallcr.- 
anothor in decorating the surface by he.xagonul, 
,s<|iiare or oblong impressions in imitation of 
shingles; ■* coaling portions ot the surface with a 
skeleton form of paper cni into ilesigns, or else 
sand, gravel or other mineral mailer and leaving 
adjacent iiorlions uneoaleil in the form of 
shingles;^ printing the surface in hexagons, 

' I' S I’nfg 7S,S,;i.j,S i>f \|)r ‘J.’i, I'.MK-t, rfisKiic IL*, I7.'i i>f \fir 
2-i, fttid Slfi.fitU of Apr IlMHl. nil ti> !•’ I) .lu<'"lw, hIhii 

S-iri.aiiO ttf F(‘b 1'HI7 ittK M t.f S.‘|) A, |')ll 

• d K T NfwttttiiM'. M 15.711 of Nov A, 1»U to T I> Millor. 
I.h>7,()t9 of Jan 11, MMli to I’ M Stewart 

M’ S I’at S2H,2.12 of Dee II, I'HHWoJ <) Itnllefitiiie 

M’ xS Fiitw t.0;lC..l27 ol \iiK 20. tl>l2 to (’ .S Hirtl, 1,OSO,».17 
of Dee 9. ItHd to W F. MeKay, of Dee 12, 19H» to 

W. F McKay, l,2n,tM!)of Feb 0. 1917 ami l,22.s,191 of .May 21), 
1917 both to W P Dun I.any 

S PntB I.03M27ofAuK 20, 1912 to (' S Bmi. 1,1J;1.727 
of Jan 5. 1915 to S H (loldbcrg, 1,1KI,S27 of May 2, 1910 (o C H 
Hml. 1.250.l»77 of Dee IH, 1917 to 8. U GoldbcrR, l,2l);i.o:)l of 
Apr hi, 191S to 8 -M Ford. 
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s(iunros or oblongs with an aspliallir paint;' applying a poatingof inoltcd 
asphalt in (losigns orpr a grit surfacing;-’(listrilmtiiig cruslicil slate of two 
or more colors in adjoining s(|uares. ilianionds. hexagons, or other designs, 
to produce innili-eolored effects; ■' mixing mineral particles of dilTerenl 
eoloi's to impail a mottled apixairanee, etc.' 

A different procedure consists in ereitsing 24-in. roofing slieeta longi¬ 
tudinally 3 in. from the edges so that they may 1)P laid over wooden 




battens IJ in. S(iuare, spaced 20 in. from ecntr(^s, and in this manner 
break up the surface by a miml)er of standing w'ams intended to cast 
shadows.’ 

The.sc decorative roofing sheets have lieeome very popular in recent 
years. They are less expensive than composition shingles in view of the 
smaller amount of material required to cover 100 s<|.ft. of roof surface, 

T S Can I.II2I..U!I and l,0'JI,.r,0ot Apr .11), I»12. In .M B Bnrkir, 1.101.1 Hi n( Or| B, KIM. 
toa'4 H(;oWin‘rK. l.l.>7.W.4an'll.l-'i7.r.tVK.M)rt 2«, lOri.aritl 1.222. VM of Apr 17,Hn7tfiM H Hrekw 

M’ S Pat 1.174.9fiO of Alitr 14. Htl« to M B BiM-kor 

M H I’atw I.ns2.:f(l4 of Doc 2;f. to A S Hpioirr), J.l ''7,4;iH of (M 10. Ittl/itoA H Hpjoitol 
niid I, K l.imllcy. 1.15)4,H90 of Au»c 1*. H»l»Uo A S Si.icjf.l. l,2r,|.4Hl of .lun 22, l»IH to C. M. 
Clnrkc, l,2M,'f4.fof tpr 20, !»18 to \ S Spiced. l.2‘M<,Bl'» ol Jum--f. MMN to H M Ford. 

M .*4 P.ii I,l.f4.()hf» of Mar 31). I5H.) to F (' Dtwicy 

♦U 8 Pat 1,210,boo of Jan 2, 1017 to H I 8ham»al<l, Jr 
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and are accordingly used where the price of individual shingles cannot 
be afforded. 

Prepared Roofing Shingles. These represent a further development 
in prepared roofings, to produce decorative cITects in imitation of wooden 
or slate shingles. This is brought alamt by cutting the roofing in dia¬ 
mond or rectangular units adapted to he laid in over-lapping courses. 

One method consists in manufacturing sheets of roll roofing with a 
scalloped or “ serrated ” edge intended to be laid in courses so that the 
scalloped portions remain exposed to the weather.' This type of pre¬ 
pared roofing shingle has not proven very successful, as the long strips 
do not adequately provide for the expansion and contraction of the roof 
boards, and unless conditions are exactly right, the roofing is apt to 
wrinkle. 

The foregoing objection is overcome by cutting the prepan-d roofing 
sheets in the form of iinlii Uluid shingles, usually in rectangiilar units. 
These may either be of uniform thickness,- or they may be tapc'red so 
the shingles will be thieker at the butts.' One form is provided with a 
flap at the butt, lulapted to be turne<l back and nailed underiK'ath;' another 
is formed with a portion of the shingle cut away on one side, residting 
in what is known as a “ self-spacing ” shingle.’’ As manufactured to-<lay, 
the standard size of individual shingles is S by 12] in,, inlen<led to be laid 
4 in. to the weather and in. apart, re(|uiring 42t shingles, or dtK) 
sq.ft, of shingle surface weighing 220 lb,, which is sufficient to cover 100 
.sq.ft, of roof surface in three thicknesses. Individual shingles arc <isually 
made with a slate surface from a No. 4S to !>!'> raw felt, and carry 
23 to 38 lb. of slate surfacing per 100 sq.ft, of shingle surface, or 70 to 
115 lb. per square of shingles. They are sometimes made from a No. 
75 to 80 felt, ami finished with a smooth surface. 

A heavier and slifTer lyiw of red or ftrts'ti slntc-surfaccd .shingle is also manu¬ 
factured weighing 240-2.50 Ih jicr square, comprising 424 shingles each measuring 
8 by 12J in. In another niodifieation, the shingles are multi-eolored, the upiier 
half being surfaced with red slate particles and the lower with green slate so that 
each shingle may tic used to present either a red or a green surface de|Huiding u|Km 

10. S P«t» 702,6t4 ol June 17, 1002 In W It narhe, 712,614 ol Oct. 27, ttl0.1 to J. t. M 
DuFour; 875,060 and 875,.')05 of Dec 31. 1007, 876,009 nIJnn 7,1908, 881,023 nmi 8Ht.024 ol M«r 
8. 1608. 891.500 of June 23, 1908, nnd 942,660 ol Dec 7. 1609, nil to F. C Oeerlmry. 966,178 ol 
Aug. 2, 1910 to J I.. M DuFonr, 978,333 nnd 978,334 ol Dec 13. 1910, 1,102,680 of July 7. 1914, 
end 1,130,368 of Mnr 2, 1915, nil to F C Ovetbiitj, 1,126,932 of Feb 2, 1915 to Herbert Abrnlmni 
■U S Pnte 310.192 of Jnn 6. 1885 to J T Kdeon: 455,271 nnd 4,5.'),272 of June 30, 1891 lo 
Hermann liorniann. 845.890 of Feb. 26. 1907 to F 1! lUnne 

■ f. S Pate 394,0.33 ol Dec 4. '888 to S K Trott, 877,019 of Jnn. 21.1908 lo J. W Troencr, 

880,912 of May ft, 1908 to (' W Young. l,197,H07 of Supl. ft, IDOb to I’ M Knaolihaupt, 1,191,932 

R« 14,387 of (bt 30. 1917, to J C. l.o>er 

«U. 8 Put 1.104.998 of July 2S. 1914 to F C (Hcrbu.y, 

• U. S Pat 1.244.(y>4 vf Oct 30, 1917, to A. nS Spiugfl 
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whirh half isexiMH(><i, or if ^losiix'd varioKatctl col'-nHl vlTioU may be used liy wwraing 
the sliinglos at mtiTvaW. An attuchmenl for cuthng roll r<«>finn into individual 



('otirUny of (JuytoM & r»unfcr Mfg Cu 
Fio. 135.—■^hiiidlc Cutter I'miit View. 



Court«ey of CSuytoo & Cumler Mfg Co. 
Fio. I3l'i.' Shinttle Cutter Hear View. 


shingles is illustrated in Figs 135 and liifi. The shwt is first sliced into 8-in. 
longitudinal strips ujion la’ing fell thriiiigii a gang of circular knives mounted on a 
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common shaft, and these in turn are severe<i into 122 in. units by a rapidly revolv¬ 
ing transverse blade extending the full width of the machine. 

Still another type is stamped from strips composed of a metal core to which 

sheets of waterproofed a8l)cstos are fastened 
on either sidp by means of asphalt, as 
de.scrilHMl on p. 409.' 

In another ramification the shingles 
are made in larger units (9 by 16 in.), 
to Ik* expoa(*d 5 in. to the weather on lay¬ 
ing and spaced 6 in. apart as illu.stratC(l in 
Fig.. 137.* This is known as the “wide- 
Hpact'd method ” and has the advantage of 
requiring leas shingle area to cover KK) 
sq ft. of roof surface. Thu.**, with the cus¬ 
tomary slate-surfaced fabric weighing 75 lb. 
per 100 sq.ft., it will take 192 9 liy 16- 
Courtcuy of Hmtkote Co. widc-spaccd shingles, or a total of 192 
Fuj. 137.—Wide-spaced Shingles. gq. ft. of shingle area, weighing 145 lb 

to cover 100 S(|.ft. of nK)f surface. 

The WK^alled “ multiple-shingle atrip,” consists of two or four units joined 
together in the form of a flat atrip* as illustrated in Fig. 138. The form having 
Hiiuan* butts 1\ in. wide is made 321 in. long (over all) and It) in. wide, with cut¬ 
outs 4 i)y ] in., and adapted to Ik* ex|)osed 4 in. to the weather. A .square uill 
incluile 112 shingle strips of 244 sq ft area, w'eighing 185 lb. A ahingle strij) is 



Courtcey of FliDtkytc Co 

Fio. 138.—Multiple Shingle Strip. 

manufactured with diamond-sha|HMl cut-outs extending liack 4 in. from either edge (Fig. 
139), and in units measuring 122 by .322 in. over-all. A sipiare includes 112 shingle 
8tri|>8 measuring 220 sq.ft, in area, and weighing H‘)5 lb. A “reversible sliingle 
strip” (Fig. 140A and li) is manufactured with the square butts on one side and dia¬ 
mond on the other, measuring 321 in. long and 122 in. wide over all. A square 
includes 112 shingles, measuring 260 sq.ft, in area, weighing 195 lb., and may Ik* 
laid with either the square butts or the diamond {Kiints ex|)oaed, as desired. The 
advantage of the shingle stri[)8 arc that they may Ik* laid more rapidly than individi- 

»U. S», Pat, 1.0.W.682 of Apr. 22. 1913 to T D Miller. 

*U. S Pat. 1.145.440 of July 6. 1915 to Cahin Huaeell 

* U. S. PaU. 891.601 of June 23, 1908, 908.125 of Dec 29. 1908, 1.150.298 of Aug 17. lOI.'i, all 
to F. C. Overbury: 1.207.523 of Dec. 6, 1910, 1,209,955 of Dec. 20, 1910 both to S M. Ford: 
1.219,052 of Mgr. 20, 1917 to W, F. McKay, 1,243,064 of Oct. 16, 1017 to O A. Hep|)ee. 
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ual shini^les, due to (he fact that two or more unites an* tMUplt*d together, alao that 
it will take a smaller quanlUy of UHiling to t^iver a UK) stt-ft. of roof area. The 
appearance of tln' nnif wiieti laid siil»>(aniially the soiie a*'' m the ease'of individ> 





ual shinRlcs, but it is not firoteeU'd witli a.s many layers of fabric, for obvious 
reasons. 

Fastening Devices. Sliot'Is of prepared roofing were originally 
fastened to the nntf hoards l)y means of J to I-in. steel nails, driven 
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through convex discs composed of American terne plate (thickness IX), 
I to 1 in. in diameter, the nails being .spaced 2 in. from centres. Discs 
formed of prepared roofing,' square caps of enameled metal having a 
raised centre portion,'® steel discs fastened directly to the tops of wire 
nails (known a.s the “ .simplex roofing nail ”) were next proposed. 

At tile presi'tit time the “ caps ” have been almost entirely replaced 
by large-headed roofing nails, of which two types are in vogue, viz.: 

Diftiiicicr of Head Diameter of bliank I.engtli of Sliaiik 
Ami-ririiti felt rooliiiK tinilB in in * in. 

H&rl>e<l \'u. 10 rooliiiK nailt I'l i in I in. 

For the better grades of roofing, the nails should either be sherard- 
ized or galvanized, and protected with not le.ss than 37) mg. zinc per 
siiuarc centimeter, corresponding to 1', oz. per square font of surtace.' 
Sherardizing is preferable to galvanizing, as it affords hi'tter protection to 
tfic steel, assuming that eciual weights of zinc arc applied in both cases, 
and forms a coating that will not chip or flake off should the nail shank 
or head bend. This is very likely to occur at the junction of the shank 
and head when the nail is driven in place. A well-sherardized nail will 
withstand the weather under normal conditions from ten to fifteen years, 
without further protection, and in the author's opinion constitutes the 
most satisfactory means of rusl-pi-oofing. 

With cheaper prepared roofings, it is customary to furni.sh the nails 
in the " bright " form, i.c., without being treated, but it then liecomcs 
necessary to protect the heads when hammered into place, with a 
liberal coating of “ lap cement " (p. 170). Although the latter will 
tend to rclard corrosion of the steel, the practice is not to be recom¬ 
mended, where the durability of tlie roof is an important consideration. 

Other metal fasteners include Out or formed ta|M‘s mtendctl 1o l>e nailed at inter¬ 
vals; ♦ long stri^w with spaced iK'rforated concave portions;'' short strips reinforced 
by Imving the centre ixirtion raised, and capable of accommodating four nails, illus¬ 
trated in Fig. HI, known as “ roofing cleats ' * 

>U. S. I’at. 742,580 of On. 27, 100.1 to B G Coster 

• U. S Pat. 810,.'i22 of Mar 27, lOOO to (). It Wvman 

*lf a represnils the tliametet of Hie nail heati, b the nApratte length of the shank, and c the 
diameter of the shank, then the total area of the nait's eiirface imU be egual to 

n 22. 

-hylic. 

*U. S. Pat, 348,844 of Sept. 7, 1880 to Da\id Harger 

•U. S. Fata. 887.532 of May 12. 1908 to H. B Gherman. 007,208 of Aug. 10. 1910 to J. F 
Lealis. 

•U. S. Pata. 973.902 of Oct. 25. 1910 to W II. Woerheide. 981.362 of Jan 10. 1911 to J II. 
Bell; 085,501 of Feb. 28. 1911 to J. H. Bell. 1,017,611 of FpI. 13.1912 to 1! H Wardell (Federal 
Reporter of Jan. 12, 1915, tlB, 604), and 1,187,532 of June 20, 1916 to H. C. Kettelsoo. 
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Less expensive fasteninjr (Knircv cniisist tif slKTitrilizoil or Riilvnnized wires which 
may Ix' looped at intervals,' «)r eoinpoMal <»f a senrs of spaml. |)erforated flatteiMHl 
areas - as illustrated in I'lji. 112 Another fastener eonsi''ls of an N-shaiied piece 
of wire liaviu(i one linih pointed for driviim into the Iniards, the other ending in a 
small loop intendt'd to he hent over the tifqt of the siurt at tlie seam. Similar tievices 
have heen proito^ed for fasti'iimu shinule'',' eonsivtiinj „f ,) metal stnp naili'd under* 
neath the shinnie with one end projeetinjj la-Nond the slunule and intended Jo Im' hent 
over tlie butt. Another shmv:l<“ ta.'lener is eoniposial of uriMived strips of metal to 
he inserted in between adj;u-ent '.luu^hs ‘ 

Many me(hod< ha\e been devi'sed for protecting the seams ami coveritiK 
lh(‘ nail iiea<l>, re* for e\aniple foldmy liack tin* up|H“r sheet of roolinn aft(*r forming 
the seams;'* dinmn the naib ilirniiah the iimhi slieet of roohiiK only, and then 
cemenlinK the uppei •'bei*! t»ver tin* nails InaiiU;'^^ lormniK tin* roolinjs sheets witli 



CoiirtCB\ Ilf 1 he Slamlanl Paint Co. 

Fig. hi.—T ypes of Hoofinn “neats." Fni 142.-Wire HoofinK Fastener. 

lievclled edges,’ providing the edges of the shet'ts with (*ne or more flapa conipow'd 
of liurlap, metal, or the same material as the roofing itself, intended (o be folded 
over the nails heads and fa.stencd with Inpiid laj^cement. 'I'he last is known 
as “ concealed nailing ’’ * 

Methods of Forming Roll Roofing Packages. Roll roofings on* jiro- 
pared for sliipineiit liy winding tln'in on tin* outsifh* with a hoavy 
pajK'!’ “wrapper,’’ and packing the “fixtures” consisting of the nails 
and can of “ lap ceintMit ” in (lie core of tlie roll. Vtiriotis devices have 
been used for holding the fixtures in place, including sheds of elolh or 
heavy pa|X?r pasted over the ends; cyliiulricjil plugs of wood driven in 

' U S PatB T.'VT.iaa of Apr 12. 1U04 and 778.8()3 of J»ii 3. ltK).’'> to F K Ilowtrd. 1,242.676 of 
Oit tl. »'.117 to S M lord 

> I .s PaiB I 2.17,270 of Aiig 21, 1017 to IIcrl>«rt Aiimham. tod 1,225,072 of May 16, 1917, 
to H. (-' Ketteltoti 

» f S pBl 07S.314 of I)*-- n. 1011 to F r fherl.ury. 

*P S. Pat. 1.1.W.152 of .Sept 7, lOl.l to I ranna Hruokw. 

*U. F Pat 60,70K of Jtn 1, 1867 to J Fay 

« U. 8. Pat 713,.W8 of Nov 18. 1002 {•> John Ayraolt 

*U. B. Pat 813,16J of Feb 20. IWH'. to W J M.«lhr 

M' .S Pat, 632,825 of Sept 12. 1800 to It J.He<li<k 636,022 of Oft. 31. 1699 (o 0. D. Crabb* 
and W H Pendery, O.W.l.'iO of Juai* 10, HKKI to F W TerpenniriK, 660.316 of Mar 6, 1901 to 
n P. Whitmore. 83.6.K89 ol Nov 13. 1906 to W J Moeller, 85.^,757 of June 4. 1907 to O I) 
Crabtia and W. II Pendery. 668.930 of Ort 22, 1007 to A. K Kirk. 984.860 of Feb. 21. 1911 to 
P. E Bniitb 
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the openings at the end of the roll and fastened together with wire;' 
using a paper wrajipiT wider than the roll, turning over the edges into 
the core and wedging into place with cylindrical [iliigs; - sealing the 
openings of the core with pkstcr of paris plugs;'* l•onslrucfing the 
openings of the core by driving wooden wedges between the convolu¬ 
tions at the ends of the roll;'* covering the ends of the roll with 
wooden discs wired togcthei'; '■ covering the ends with metal discs 
wired together; ” covering the ends with metal discs fastened together 
with a light metal rod; ^ metal discs held in place by projecting flanges; * 
packing the fixtures in an elongated cylindrical cardboard case, which 
at the .same time .serves as a mandrel for the roll;* wrapping the nails 
and can of lap-cemi'iit in a pa|)cr or cloth package provided with a flaji 
which is inserted between the inner convolutions of the roll of roofing 
as the sheet is wound on the machine etc. Most of the rolls shipped 
at the present time are protected with “heads," of cloth pasted in 
place. 

Method of Laying Prepared Roofings and Shingles. Prepared roof¬ 
ings may either be laid in a single course, or in a so-called “ built-up ” 
form, composed of two or more bifuminated sheets constructed on the 
roof of the building. The s'ngh' course method is adapted only for 
application over wood, whereas built-up roofs are eiiually suitable for 
use over wooden or concrete roof decks. 

Layimj the Fabrics in a Single Course. In this case the sheets are 
laid with 2-in. seams and cros.s-,seams, the joints being .sealed with 
liquid lap-cement, and f.astened with largo headed nails, or with any 
of the other devices described. The usual method of forming the seams 
is illustrated in Pig. 14;i (A and li). 'I'he same method is followed in 
laying single- or multiple-layered bituiniiiated roofing sheets in one 
course. Where the sheet is surfaced with moderately fine mineral mat¬ 
ter on but one side, it is advisable to lay this nijiiiiisl the roof boards. 
A single course of mnlti|)lc-layercd roofing, coiniiosed of burlap cemented 
bf'tween two layers of asphalt-saturated and coated felt is introduced 

‘ U. 8. Pat. 094,304 Feb 20, 1902 to C S. Bird and J B. Hanscom. 

*1’. 8. Pat 803.713 of Not. 7. 190.) to H M lU>>iioldi. 

• U 8, Pal. 802.307 of Apr 30. 1907 to W. p Ponney 

*V. 8. Pat 713,038 of Nov. 28. 1902 to W H Harbe. 

*U. S Pat 873.04(1 of Dec 10. 1007 to F S Howard 

»U. a. Pat. 742..')5« of Ort 27. 1903 to ft H Baoh«. 874.160 of 17, 1907 to Purlan 
Buokboroiiffb. 

HI. 8. Pats 823.230 of July 3, 1006 to M. C Ohueniua. 019,607. 919.608 and 019,739 of 
Apr. 27, 1000, and 023,362 of Juno 1. 1909, all to Cl W Loughman 

• U. 8. Fata. 006,.310 and 996,511 of Junv 27. 1911, both to G J. Octf>ch. 

• U. 8. Pat. 030.406 of Jan 3, 1911 to B. G. C'aaivr 

‘•Canadian Pat. 143.374 of Oct. 15. 1912 to 0 ft'. Dobm. 

“ U, 8. Pat 840.103 of Jan. 1. 1907 to U ft’ Bird. 
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between two layers of sheathing lH)arils for rovering freight ears, the 
function of tlie U|)|)er layer being to protect the r(M>fing from injury.' 

lioofs (af Tiro or More Coiirnrit of Fobnrn^^ If usetl 
over wood, it is customary to first install a layer of sheafing paper 
(not neces-sarily bituminizcili. to prevent the melted comjxnind from 
dripping into the building, also to purpo.se'y .separate the built-up roof 
from the wooden Isiards. thus allowing fhc latli'r to shrink without 
danger of tearing the roofing. 'Phis layer of sheathing paiHT should 
not Ih‘ included in counting the total numlwr of eouisr-s or "plies” 
in the built-up roof. 


Prevathnij Wmds 



A 2-ply built-up roof laid over wood and concrete res|x'ctively,' 
composed of two courses of preparial nsifing, is shown in k'ig. 144 
(.1 and /)’). .\ ii-ply built-up roof laid over wisid and concrete com¬ 
posed of I course of a.splialt-satiirated felt with 2 courses of single 
layered prepared rooting, is shown in Fig. 14.') (A and H). The built- 

‘ I > I‘,it ‘'I'l,!!! 1)1 hill -I', .'*atiiiifl llrrtx-rl 

’ ( > I’litB 4f».’)t'J of \ri\ A, to I, S Milln and (' II Smith, fH,S7K of Fob. 5, 1807 to 
?ohn s<-Hiiloh, 147‘HiJ rciHaiH' H41I of Sept til. JS78. I70,l.‘fl of Jtin« 27, 1870 to Peirce, 

.’70,'M'l of Jhii Ut. to S I, foster. of Apr 1, 1HH4 to I.eti lia«a and Dennis HovArth. 

II {,’>71 of Mif 17. ISs'i to T H W lute. if77.(J'»H of June 2.5, 1901 to Fiml Borgestm and A*el Wen- 
iH-rlirrc, 712.l'»:t of Ott IN. to K 1 Kane. 79H.i:n of Atiit 2f>, 1005 to F W. (iMelichap 
ami \rthnr Witidnig, Kf.’.iCO yf Jan 22. 1007 to F H ('aniplx-ll. 840,572 t»f Mar 12, 1007 t« (*. 

J. Ktinrler. 1,2 'U)..i;Mi of .Inni- tO. l'.M)7 to f I foster 
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up roofs may l)c finished “ smooth ” as shown in the figures, or they 
may be flooded with melted bituminous compound and slag or gravel 
embedded therein while the comjxjund is hot. 




Courtesy of The Staii<iar<i Pait.t Co. 
Fio. 144.—TV'O-ply Built-up Roofs over Wood and Concrete. 


A w'ell-known tyix* of .'i-ply roof constructed of tarred felt cemented 
together with coal-tar pitch and surfaced with either slag or gravel, laid 
over wood and concrete respectively, is shown in Fig. 146 (A and B). 
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Shimjle Roof.i. It is ciistoniarv to lay S liy IZJ in. prajjared 
roofiiiK shinttlcs by cxi)o.siii(i llipin 4 in. to the weather, as illustrated in 
I’ig. 147, which will be found self-explanatory. 




CuurtMy o( The Standard Paint Co. 
Fio. Il.'i.—Thiw-plv Built-up Roofs over Wood nnd Concreto. 


Rating of Prepared Rooangs and Shingles by the Underwriters’ laboratories, 
Inc,, The l nder»Titcrs' Ijtlwratorics, inc., of Chicago, cslabhshed and maintained 
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by the National Board of Fire Underwriters, classify fire retardant roofings into 
three groups,' viz.: 

CloM A. Includes roof coverings which are effective against severe fire exposures. 
Under such exposures, roof coverings of this class are not readily fiammable, and do 
not carry or communicate fire; afford a fairly high degree of heat insulation to 
the roof deck; do not slip from position; possess no flying brand hazard; and do 
not require frequent repairr* in order to maintain their fire-resisting properties. 

This* class includes the following types: 











(A) 

(B) 

Courtesy of Barrett Company. 

Flo. 146.—Five-ply Built-up Roofs over Wood and (’nncrete. 


(1) Five-ply built-up roofs composed of coal-tar- or asphalt-saturated rag felt 
surfaced with bricks, tiles, cement, gravel or stag, containing 80 to 85 lb. of tar 
or asphalt saturated rag felt, 150-200 Ib. of coal-tar pitch or asphalt, not less than 
400 Ib. of gravel or 300 lb. of slag per 100 sq.ft., and limited to combustible or 
non-oombustible roof decks, having inclines not exceeding 3 in. to the foot, hori- 
sontal. 

> Bu!l«tin dated June 20, 1916; nleo Ibt of Inipected Mechanieal AppUancee iauied by the 
Uaderwriten’ Laboratorlet. Inc.. July, 1917. 
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(2) Three-ply built-up roofs containing not Ic» than 40 lb. of asphaltrsaturated 

asliestos felt, and 37 lb. of asplultic cement per 100 sq.ft., and limited to non-com¬ 
bustible roof decks with inclines not exceeding 6 in. to the foot horisontal. Also 
4- and 5-ply built-up roof coverings containing not leas than 60 lb. of asphalt-satu¬ 
rated asbestos felt and 45 lb. asphaltic cement per 100 sq.ft., and limited to oom- 
bustible or non-coministible roof decks with inclines not exoeoding 6 in. to the foot 
horisontal. n 

(3) A single course of laminated roofing composed of 4 sheets of aaphalt-eatu- 
rated astxiatcMi felt, cemented togt'ther with an asplialtic adhesive, w'eighing not lese 
than 60 lb. per 100 jmj ft, and limited to eornlnwtible or non-combustible roof decks, 
with inclines exceeding 3 in. to the foot horizontal. 



(’lass li. Includes roof covering which arc effective against modertUe fire expo¬ 
sures. Under such exiMwurcs. r(M»f coviTings of this class are not readily flammable, 
and do not readily curry or c<)mmunic;tt<‘ Are; afford a moderate degree of heat 
insulation to the nxif deck; do rmt slip from [losition; possess no flying brand 
hazard; but may require occasional repairs in order to maintain their Are-resisting 
properties. 

Bii^uminous roof ixiverings falling in this class include: 

(1) Three-ply built-up roofs containing not less than 48 lb. of coal-tar- or asphalt- 
saturated rag felt, 90 lb. of coal-tar pitch or asphaltic adhesive, 400 lb. of gravel 
or 300 lb. of slag per 100 sq.ft., and limited to combustible or non-combustible roof 
decks, having inclines not exceeding 3 in. to the foot horizontiU. 

(2) Three-ply built-up roofs containing not less than 46 lb. of asphalt-saturated 
asbestos felt, and 40 11). of asphaltic adhesive, limited to combustible and non- 
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combustible roof decks, cspabk of receiving &ad retaining na/fe, and to inclines not 

exceeding 6 in. to the foot horisonfal. 

(3) Three-, 4- or 5-ply built-up roofs containing both asphalt-saturated asbestos 
and rag feits cemented together with an asphaltic adhesive. Various speciScaiions 
are approved for this class of coverings. The 5-ply may be used on combustible 
roof decks, and is limited to inclines not exceeding 3 in. to the foot horizontal; the 
4-ply may be used on combustnde roof decks but is limited to inclines not exceed¬ 
ing 3 in. to the foot horizontal; and the 3-pIy is limited to non-combustible roof 
decks, and to inclines not exceeding 3 in. to the foot horizontal. 

(4) A single course of laminated roofing cornpased of either two or three sheets 
of osphalt-Huturated asliestos felt cemented together with asphaltic adhe.sive, weigh¬ 
ing not less than 45 lb. f>er 100 .sq.ft., and limited to combustible and non-combus¬ 
tible roof decks capable of receiving and retaining nails, and to inclines exceeding 
3 in. to the foot horizontal. 

Class C. Includes roof coverings which are effective against light fire exposure. 
Under such exiK)6ures, roof coverings of this class are not readily flammable, but 
may carry and communicate fire; afford at least a slight degree of heat insulation 
to the roof deck; do not slip from position; may ixxssoss a slight flying brand 
hazard: and n>ay require fairly frequent repairs or renewals in order to maintain 
their fiix^-rcsisting properties. 

This class includes one course of 2- or 3-ply (heavy and extra heavy) single¬ 
layered prepared roofing composed of asphalt-saturated and coated rag felt (finished 
with either a smooth, sjinded or grit surface); also prepared roofing shiiigle.s cem- 
posed of asphalt-saturated and coated rag felt (finished with either a smooth, 
sanded or grit surface). These are limited to combustible and non-combustible 
roof decks, capable of receiving and retaining nails, and to inoliiic.s exceeding 3 in. 
to the foot horizontal in the ca.se of roll roofings, and exceeding 4 in. to the foot 
horizontal in the case of shingles. 

In brief, the following minimum requirements are proposed by the Under¬ 
writers’ Laboratories, Inc. for the Class C roofings: 

Dry fell to l)e uniform in thickness, texture and quality, averaging not less than 
10.4 lb. per 100 sq.ft, (corresponding to No. 50 on felt maker's scale), with a mini¬ 
mum weight of 10 Ib. (corresponding to No. 48). 

Saturating and coaling compourAs to be of an asphaltic nature, having a flash¬ 
point of not loss than 210“ C. (410“ F.) by the Pensky-Martens closed-cup method 
and an ignition-point of not less than 400“ C. (752“ F.) as determined by the Under¬ 
writers’ Laboratories’ standard method. 

Surfacing maiervds to be non-combustible, including talc, soapstone, mica, slate, 
rock, sand, pebbles, gravel, terra cotta, crushed vitreous materials, etc. The dust¬ 
ing powder should not exceed 3 Ib. per 100 sq.ft. The coarse surfacing materials 
to be free from dust, or foreign matter which would interfere with their adhesion, 
and to be well embedded in the coating compound. 

Nails to be galvanized, and not less than J in. long for roll roofings, and 1 in. 
long for shingles. Bright nails when exposed to the weather should be protected 
with a rust-proof coating. 

Smootksurjacen roll roofings to average not less than 37 Ib. per 100 sq.ft, (ex¬ 
clusive of nails and cement) with a minimum of 34.5 lb. 

Oritsurfaced roU roofings to average not less than 37 Ib. per 100 sq.ft, (exclusive 
of surfacing material, nails and cement), with a minimum of 34.5 llx 
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Indifiduol and drip shingUs to be in such form, shape and site that there wiU 
be at least one thickness of roofing material at the thinnest point when laid, and 
that no portion of the deck boards will lie exposed upon rutting away the weather 
portion of the shingles or strips along a line throu^ the nails in the strii^ which 
secure them to the roof deck. The average weight of a single thickness of the 
shingles exclusive of surfacing material, wrappers, and fixtures shall not be less than 
37 lb. per 100 sq.ft, with a minimum of 34.5 lb. * 

MuUiple-loyerctl prepared roofings and shvtglee to 1)0 eomposed of two or more 
thicknesses of asphalt-saturated r:ig felt, cemented together and coated with an 
asphaltic material, with or without mineral surfacing. These are to comply in all 
essential particulars with the requirements for prejmred roofings and shingles com¬ 
posed of a single thickness of felt. 

The foregoing claasifications exclude wooden shingk's, which constitute tha 
greatest competitor of prepared nMifings. Figures compiled by the V. S. Dept, of 
Agriculture ' indicate that from I9()4 to 1912 the output of wooden shingles in thd 



Fio. 148.—Oliart of Annual Production of Roofings in the U. 8. 


United States fell from 171 I D uiillion square.^, an<l from 1009 to 1015 from 18 
to 121 million wpian's; further, that the production of sul»8tilutc rwifings (includ¬ 
ing prepared nHtfmg.s, prepared rotjfing shingles, slate, tile, etc.) increawi from 41 
In 1.31 million s(iuan*.s from 1004 to 1014. This is illiisiniletl graphically in Fig. 
148 The total pr^shicfion of the suh.slifule roofings maniifactureil in 1014, estimated 
at 13,005.8:15 .square.s (excluding tar and gravel roofs), is apportioned as follows: 


Cem'ftt. t)!" «n'l rniBrelUneoup 

n 4% 

Plate tile 

1 1% 

Aaphalt ahinjilea 

2 4% 

Metal ahinslca an>l tilee 

a 3% 

.Mate <l9t3i 

S 3"'o 

Prepared rwifinga. mrludm* ashcstcrt roofinga ami ahwiglea 

SI fl% 

Total . 

100 0% 


The author e.stimaUiS that in 1010 th«*re were shlp|M*d 22 million s<pian*H of w>m- 
jiosition roll rwifings and 4 million sciuares of iromfKwiilion sliingh's. 

' U?pt No 117 the of other l<»r KluUy of ili<> l.umlsT liHluiUrv," 

rail XI. by Rolf TheUr. WMhimgton, 0. C.' , 1»17 
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BITUMINIZED FLOOR COVERINGS 

Methods of Manufacturing. Tho.so first appeared on the market 
in 1910 as a substitute for linoleum, and have since enjoyed steadily 
increasing sale, due to their lower price, superior waterproof properties 
and remarkable resistance to wear and tear under foot. They arc 
prepared from an asphalt-saturated rag felt printed on the surface in 
colored patterns, manufactured with or without a backing of burlap, 
and in all ca.ses faced on the underside with a suitable paint or wash.’ 
When burlap is used, the a.sphalt-.saturated felt may be regarded as 
replacing the central layer of oxidized linseed oil, resins, wood (lour, 
powdered cork, colored pigments and mineral filler ordinarily employed 
in manufacturing printed linoleums. Where no burlap is used, the 
asphalt-saturated rag felt may be viewed as the equivalent of both the 
central layer and burlap backing. 

The bituminized floor covering is less frequently composed of an 
asphalt-saturated rag felt carrying a moderately thick layer of the lino¬ 
leum composition (oxidized linseed oil, resins, wood Hour, powth'rcd 
cork, colored pigments and filler) on the surface, and the usual paint 
or wash on the baek.^ 

In manufacturing the floor covering, a .sheet of rag felt of high 
tensile strength, great uniformity in texture and thickness, is first satu¬ 
rated with an asphaltic mixture having a somewhat higher fusing-point 
and greater hardness than u.sed for manufacturing roofing (p. flltl). 
The asphalt-saturated felt prepared in this manner is first allowed to 
season, and then sized on the upper .surface u’ith an aqueous solution 
of some glutinous substance, such as wheat or rj-e flour, casein,'' animal 
glue and silicate of soda,' or the like, with or without the admixture 
of a suitable filler, such as ground .shale (known commercially as 
" talckene "), clay, siliceous minerals, etc. The function of the sizing 
coat is to prevent the dark-colored hydrocarbons in the felted fabric 
from working their way through and discoloring the paint subsequently 
applied to the surface. 

When the .size is dry, the fabric is “ primed ” or “ filled ” with a 
mixture composed of 2 to I parts of “ glo.ss oil ” ® and 1 part of com- 

■ e S, P«t. 1.184.584 of M«y 23. lln« to W. D Snow 

■U. S. P>t. 1.132.847 of Mar. 23. 101.5 to K. L. Blabon. 

• U. 8. Pat. 1.176,853 of Mar. 28, 1018 to Gaoritt Ptjfold: Gar. pat.appl.72.226 of Fab. 13,1013 
to tbe Barrott Manufartunog Co. 

«U. 8 Pat. 1,008.296 of Nov. 7. 1911 to Judd Smith 

* Conaiating of linaaed oii which has been heated to a temperature ia tbe neighborhood of 
MO* F. with 1 to 2 per cent of red lead, litharge, or other auitable dryera, until the oil aaaumea 
the coDgiataocy of haavy jnolaaaet. 
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tnerrial “ boiled ” linseed oil, ground through a paint mill with a 
mixture of filler and yellow oehre, and thinned to spreading eonsisteney 
with a volatile jietroleum distillate, 'fhe funetion of the oehre is to 
impart a so-called " li.noleum " color to the mixture. The Idler and 
pigment should lie added in sullicicnt (luantity to caus<‘ the paint to 
assume a "flat” finish on drying, and the [s'troleuin distillate to 
n’duce the mixture of oil and pigments to protM'r spreading consistency. 
The priming coat is applied cither to’one or l«ilh surfaces of the 
sized bitumiiiizcd faliric by running it through a pair of rollers or in 

some cases a set of ruhlier or leather sipieegees. 

The sheet is then festooned in a steam-heated drying chamber, 
maintained at lit) to 14(1° T.. until (he priming coal has dried hard, 
\\hereu|xm it is passed through a set of "grinding rolls” eom[X)sed of a 
suitable abrasive, to smooth and level it off. 

Mitliinl Ilf I'niihini mill 11 III IIII nil. If the fl(K)ring is to be fmi.shed in 

designs to prmliiee what is kiamii to the trade as " print goods," it is 

next passed through a jirinting machine of the type ordinarily Used for 
maniifaeturing linohami, which will apply two or more colors in pre- 
deteimined patterns or designs, 'fhe.se may be varied at will by ehang- 
ing the " print blocks " (U dies u.sed on the machine. Thi' colored print¬ 
ing mixture contains siiitalile pioportions of "gloss oil,” mixed with 
colored pigments in (luantities siillieient to color the mixture, but not to 
oveieonie the gloss when dry. The printed gisids are again festooned 
in the drying elianiber where they ari' allowed to remain iiiitil the surface 
coating dries hard. 

Ill inmiiitacliiring " griniic'd " lleor coverings in inntation of wood, llie sized 
and prinied talirie alter lieing -mootlied and levelled, is passed tliiongli a " l’o.ss(‘- 
liiis " graining in.ieliine. whteli applie- colored paint 111 tile fortii ol a graining to 
annate tliv wood .selected 'I Ins i- allowed to dr\ and die surface linislied witll a 
eoat of high-grade (liKir vaiin-li. in some cases contannng "gloss oil" when it is 
desired to increa.se (In' plialiihiv of the finishing coat 'the falirie is (hen sns- 
]iended in the drying oven and healerl niitil hard and tough. 

'the r(‘Vcrsi' side of tlie lloornig o iisnallv surfaced in a dull red tint, similar to 
that used for tinisiniig tinri.ip-liacked hnolenni 'fwo general methods are followed 
One consists in coating the under sale of the asphalt-saturated felt with the red 
paint after it has Iss-n sized, lint Is-fore the prninng loal, which is ihereuiMtii applied 
to the npia’r surface onlv .\n alternative method consists in siniultaneonsiy 
coating laith the n|)|K‘r and lower surfaces of the sized fabrie with priming coats, 
drying, and then applying the risl paint to the back. In either ease the red paint 
consists of a mixture of rosin varnish, gloss oil, boded linseed oil, ground shale or 
other filler, mixed with siiffieient red iron oxide, to impart the desiri'd shale, and 
thinned with |)etroleum distillate to spreading eonsisteney 

'fhe raw felt used ranges from No. till to No fit); the asphalt-saturated product 
weighs from 10-32 lb. per 100 sij ft ; the eoinbined weight of the coats of paint 
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on the front and back surfaces 10 to IS Ib. per 100 sq.ft.; the finished weight of 
flooring (when manufactured without an intermediate layer of linoleum composition) 
2S to 45 ib. per 100 sq.ft.; the thickness of the coats of paint l)-2 mils; the 
thickness of the finished product 50-75 mils; and the dimensions of the rolls as 
marketed 74 in. by 30-33 yds. 

Bituminised floor coverings after being sized are sometimes coated with a 
moderately thick layer of linoleum composition, containing oxidized linseed oil, 
resins, ground cork or wood flour, mineral fillers, and colored pigments. This lino¬ 
leum layer may be applied in patterns of variegated cofois running all the way 
through, known to the trade as " inlaid ** goods, or it may be applied in a uniform 
color, and the surface printed as in the foregoing. Floorings having the patterns 
printed directly on the sized and primed felt are less expensive, and from all reports 
wear better than the type carrying the intermediate layer of linoleum composition. 

Bituminized floorings are also marketed in the form of rugs, with a lairder printed 
around the edges,' in some cases reinforced with a marginal stitching endwdded 
underneath the surface-coating.’ 

WATERPllOOFING MEMBRANES 

The term “ membrane ” as applied to waterproofing was originally 
suggested by E. W. DeKnight, and alludes to a continuous sheet of bilu- 
minized fabric surrounding the structure to be waterproofed. The mem- 
bran;! system is also sometimes termed the “ clastic ” method, to distin- 
gui.sh it from the “ integral ” or “ rigid ” method of waterproofing (p. d.")?). 
The former is ordinarily used for waterproofing structures in the course 
of erection, and particularly the portion below ground level, including 
foundations of buildings, retaining walls, railway bridges, tunnels, sub¬ 
ways, reservoirs, masonry tanks, swimming pools, etc. The fabric 
constituting the membrane may be felted or woven, or a combination 
of the two. 

Materials Used. The materials ordinarily used for this purpose 
include the following; 

Fabrics: 

(1) Tarred felt. 

(2) Asphalt-saturated felt. 

(3) Raw burlap or duck. 

(4) Tarred burlap or duck. 

(6) Asphalt-saturated burlap or duck. 

(6) Asphalt-saturated and coated felt surfaced with fine mineral 

matter, moderately coarse embedded mineral matter, wood- 
flour or sawdust. 

(7) A laminated sheet of bituminated fabric composed of bituminized 

felt, burlap or duck, used alone or in various combinations. 

' U. S. P»t. 1,249,734 of Dec. 11, 1917 to F. B, Foeter. 

• U. 8. Pat. 1,293,093 of Jaa 29, 1918 to K. G. JackaOD. 
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Bituminous Adhesite Compounds: 

(1) Coal-tar pitch or mixtures of ooal-tar pitch with water-gas tar 
pitch. 

(2) Asphaltic compounds. 

The weight of felted fabrics used for waterproofing purposes varies 
widely, but the best practice provides that the dry felt riiall not be 
less than No. 30 on the felt makers’ scale (6.25 lb. per 100 sq.ft.) 
and the bituminizcd felt not less than 14 lb. per 100 sq.ft. Saturated 
and coated felts are also made in various weights ranging from 14 lb. 
to 70 lb. per 100 sij.ft. 

Of the woven fabrics, burlap is generally employed, varying in weight 
from 10 to 20 oz. per square yard after saturation. The use of a cotton 
fabric is advocated iiistciul of burlap, since cotton is less liable to rot 
on continuous contact with moisture, but on the other hand it is more 
expen-sive. Either the cotton or burlap may be made more resistant 
to decay by impregnation with a copper sulphale solution and drying 
before it is waterproofed with bituminous materials. Copper sulphate 
nets as a preservative ami prevents the fibres hydrolyzing. The finished 
product should carry from 60 to OOJ per cent of bituminous matter. 
No definite statements can be made regarding laminated fabrics com¬ 
posed of felt and burlap, since these vary widely in their structure 
and weights. 

There has been much discus.sion whether coal tar or asphaltic prod¬ 
ucts are superior for waterproofing masonry.* The present practice 
seems to favor the use of asphaltic products when they are to lie sub¬ 
jected to air, .sunlight or vibration, and the use of coal-tar pnxlucts 
where the waterproofing is protected from these agencies. This con¬ 
forms with the author's experience. 

The following proposed tentative speeifications (1917) for coaUtar-saturetsd felt 
have been proposed by Committee l)-8 of the American Society for Testing MaU>- 
riala: 

The saturant to be derived from pure coal tar; the finished product to weigh 
not less than 14 lb. per 100 aqft.; the material extractable with hot carbon disul¬ 
phide shall not be more than 60 per cent nor less than 45 per cent; the loaa on 
heating to 105' F. for twenty-four hours shall not exceed 6 per cent; the taw felt 
shall not contain less than 75 per cent of cotton and wool fibres; the tensile strength 
of a specimen 1 in. wide shall not lie less than 25 lb. when cut in the direction of 
the length of the sheet, nor less than 10 lb. when cut across the sheet; the raw felt 
shall not contain more than 8 per cent of ash. 

In the case of asphalt-eaturated felt, the finished product shall not weigh less 
than 14 lb. per 100 sq.ft.; contain not exceeding 65 per cent nor leaa than 50 percent 

'" Coal tar aad Asphalt Product# for Waterproodof," bp 8. T. WagDor, CAcai. gap.. 18, Ml, 
1914. 
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extra.'fable with carbon disulphide; lose not exceeding 2.5 per cent on heating to 
105° V. for twenty-four hours, nor shall the product after this test be hard or 
brittle; the fibres pre.sent in the raw felt shall consist at least of 75 per c«*nt of 
cotton and wool fibres; the tensile strength of a specimen 1 m wide shall not lie 
less than 25 lb. when cut in the direction of the length of the shwt, nor loss than 
10 lb. when cut aero.H8 the sheet. 

The /Vinorican S(M;iety for Ti'.sting Materials (1017) pro|K»,<5es the following tenta¬ 
tive S|K’cification8 for cretwote oil to lie used as a priining coal in conjunction with 
coal-tar pitch: 

Th«* creosote oil .shall he a pure tar distillate free from any substance fon'ign 
thereto; it shall be entirely fluiil at 11)0° E,; its .specific gravity at 1(K)° F. shall 
not Ik* les.s than l.(K) nor more tlian 100; it .shall show loss tlian I fior cent insol¬ 
uble in hot benzol; when distilled according to the standard method (p. 522) it 
shall yield not excmhng 2 {)cr cent of wati'r, not CNcecding 5 |K*r cent distilling 
under 200° F., not ex<‘('cding 50 [ler cent, nor less than :t0 |K*r cent distilling under 
2;t5° (\ and not exceeding 15 jicr cent of rc.Mdue at ;tr)5° (’. which must Ik* soft 
in consisteiK^y. 'I'he specilii* gravity at 100° F. of llic fraction distilling iKitween 
2.'i5 and 015° shall not be less liian 1.00 

Similarly, the proposed Ic'iitativc .s|K>cifications for the primer to lie us(.‘d in 
conjunction with asphaltic ad)iesiv(“s, are as follows; 

Thi* primer shall consist of a paint, containing an asphaltic base complying in 
every n‘S|K*ct with the a-sphaltic ailhcsive c()m|K>im<l (p. 122), Ihiiuied to ordinary 
{Niint consisteney with petroi<>uni distillate having an end point on (ii.stillation of 
not aimve 200° (\, of which not more tlian 20 |kt cent shall di.slil umlcr 120° ('. 

'I'he sjK'cificulions for coal-tar pitch and asphaltic adhcsjvi's arc given in (’hai)t(T 
XXV!. 

Preparing of the Underlying Surface. To insiiro tlio eourso.sof Lilu- 
minizod fabric adlicring pro|HM-!y to the umh'Hying surface and to 
each other, tlu* following precautions should be ob.served: 

(1) Where the ineiubraiie is to be applied lielow grade, an adef|uate 
drainage sy.steni must be provided so tluit tlie masonry surface \sill 1x5 
thoroughly drii during tlie installation of tlie waterproofing. 

(2) It is of the utmost importance that tlie work should not lie 
undertaken in rainy, snowy or very cold weatlier. 

(3) Concrete surfaces should be brushed, serajM'd or ehip}x*d to 
remove all sharp projections which would puncturt? the waterproofing; 
also any dirt, foreign matter or cement which may have l>eon raisixl 
to the surface during the placing of the concrete. 

(4) Masonry surfaces should lx* primed with er(*osote oil when 
coal-tar products are to be used, or with an asphaltic paint when 
asphaltic products arc to he used for waterproofing. 

(5) Metal surfaces should be cleaned to remove all rust, scale, 
dirt or grease, and primed with a paint containing either coal-tar 
pitch or an asphaltic base, de|xnding upon the character of water¬ 
proofing used* 
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(6) The fiodrs ef steel railroail hiiiices should first he eoveri'd with 
a 1 ; 3 : f) eonerete eontainiiiK J in 'tone or (travel, the stirfaee of whieh 
when set and dry should he treated as s|«ailied in (3). 

(7) When coated faliries are u.'cd, the adhesion may he promoted 
hy omittinp the eoaliiiR from one side of the saturated felt,' sinre 
the melted hitiiminotis adhe.sive hums a hetter hond with plain saturatial 
felt than felt surfaced with a hitummous eoatin(t of hariler eonsisteney. 

(8) Ity surfaeinjt saturated and coated felt' with wood Hour, fine 
,sand, or ,sawdiist. iii'tead of tale, ,soa|)stone or other liiiely divided 
mineral filler, lieeair'c the mineral powders e,\ert a reiiellant aetion on 
the melted hituminous adhesive. 

(!l) When hiirlap is insed in a siii('le sheet, it is eustomary to 
111 ,iniifaetlire it with the hitiiminoiis natini> applud in such a manner 
that the meshes hetween the strands will remain op<'n, the theory heiiifj 
that the melted adhesive will fill these and thus key il,self more securely 
to the hitiiminized fahrie, 

(HI) \(it IcsK Hutu ‘i.a Ih. of loiil-tiir pihli or arjihnllic tidlwsiif rhaU 
ht upiilutl ixr IIM) rtifl of tiiuli ihiimi ftiluic or wiH.wan/, 

Selecting and Installing the Waterproofing Membrane. M'liether a 
felted or a woven fahiie er a eonihination of the two is to !«■ used, de¬ 
pends U|s)n the ehaiaeter of the work and the preference of the engi¬ 
neer in charge. woven fahrie is more pliable, stronger, and less liable 
to tear or break when bent ovei shaip eorners, but to eounterbalanee 
these, the felted fabric is less e\pensive. more durable and more resist¬ 
ant to moisture. Modern iiraitiee areordingly favors a eoinbination 
of the two. 

The niiinlier of rourses of liiliiiriiiiizeil falirie to !«• npiilii'il ilepeiiils ii|hmi the 
head r>f water eneouritcrcd, the faeior of .-afely sought ami llie views of the engiiieer 
III charge of the work There is no slandiird praetice hjlloned iii Hus eonneel.ioii. 
Where larmi- or asphall-.'aliiralerl felt weighing It lli |H‘r 1(10 siifl. i.s used, the 
following tigiires will .si'rve ns a safe guide 
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I f S Pjl S10,(.jO o( .May 1. 1900 le f C Oorhury. 
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The fabrics should always l>c laid "shingle fashion,” and all the layers applied 
in the saw diKction. 

(a) IVhen tije ineni/>nine is to lie composed of two courses, Jay the fabric 
shingle fashion, lapping each course I in. more than half tlie width of tlie preceding 
one. 

(h) When the membrane is to be composed of three courses, iay the fabric 
shingle fashion, Japping each course 1 in. more than one-third the width of the 
preceding one. 

(c) When the niemlirane is to !>c composed of four courses, first cover the sur¬ 
face with two layers of fabric iai<l shingle fa.shioti, lapping each course 1 in. more 
thin half the width of the preceding one, and then follow with two ad<hlional 
courses installed in the same manner. 

(d) When the membrane is to lie coinjwscd of five courses, follow the jiroccdure.s 
indicated in (h) and («) rcs|jectivcly. 

(c) When the finished inemliranc is to lie composed cf i.:< courses, duplicate the 
procedure outlined in (h)- 

In the eaac of railroad bridges where the condi!ion.s are c.xtremely severe, the 
following alternative siiecifications are recommended:* 

(1) I'Vom four to si.x courses of bituminized felt. 

(2) A middle course of bituinimzcd duck with two courses of bituminized felt 
on either side. 

(ID A liottom course of bituimnizisl felt, followed by two course.s of bitummized 
duck with two upper courses of bituminized felt. 

(1) Two or thrc'c courses of bituminized <luck. 

(S) Combinations of the foregoing with asphalt mastic (see Table XXXIII, p. !IM). 

The waterpriKifing sjiecificalions for subway eonsiruetion issued by tlie Engi¬ 
neering Department of the Public Service (^)inmissioft of the State of New York 
(Section 18U), mid as follows: 

"The faliric must be rolled out into the pitch or asphalturn while tlie 
lattiT is liot, and pressi'd against it so as to insure its IxMiig completely stuck 
over its entire surfiK-e, great care lK*mg taken that all joinbs arc well broken liy 
overlapping, and that unless otherwise jicrimttcd, the ends of the rolls of the 
bottom layers are ejirricd up on the inside of the layers on the side, .and 
those of the roof down on the outside of the layers on the side, so as to secure 
a full lap of at least I tt. Especial care must be taken with this detail.” 

It is extremely ini{)ortant that the work should be continuous. A lack of con¬ 
tinuity will be fatal to any membrane, since the water is sure to find its way 
through. Each layer of pitch, asphalt or other adhesive should coniplcleh] cover (lie 
surface over which it is spread, without breaks, blow-holes or other imiierfections. 
The fabric must be rolled out smoothly, and pressed into the hot cementing mate¬ 
rial, to insure its slicking thoroughly and evenly. Wlierc it becomes necessary to 
temporarily discontinue the work, laps at least 12 in. wide must lie provided to 
join with the ensuing section of the waterproofing. On walls connecting with 
floors, the ends of (he floor layer should lie carried through the wall and turned 
upwards outside, whereupon the fabric on the outside of the walls should lx* carried 
down over the ends of (he floor layer, lapping at least 12, and preferably 21 in 

• " Th« W*lfrproofin« of Solid Sleel-floor Railroad Bridgw." by S. T. Wagner. Prot. Am. Soc 
pint Enf., Tt. .'IOC, lOlti. 
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On connecting the wall with the niof work, the layera of fahne from the nmf should 
lie carried down over the outside of the wall layers foriniiig a lap at least 12, and 
preferably 24 in. 

Protecting the Waterproofing Membrane. After in.sItilliiiB the mem¬ 
brane, it must be protected agniii.st any mechanical itijurv which is 
liable to occur on backfilling with earth, dc|a>siting concri'tc, or-brick- 
ing in; also again-st sagging, bulging, or rutining, when subjccit'd to 
intense summer heat. The following means are adopted for this pur¬ 
pose: 

(1) On walls it is customary to protect the membrane ailli bnekwork, or a 
facing of 1 :‘,Vj Portland-i-cmeiit mortar f to J m thick 

(2) On flat surfaces, the memhrane is covered with concrete or hricka emU'dded 
in cement grout or a bituminous joiiit-liller (p :i.S2). 

(3) Where the iiiembraiic is laid on level floors of railroad bridges, very gisid 
results have tieen obtained by covering it with a il-iii layer of as|)halt mastic 
flooring (p :t7ll, whicli i- -onielinics covered by a course of ah|ihall-siilllrated 
fell. 

'ruble XXXIll gives a ri'-siiine of the dani|i-priKifnig and waterproofing iiietliorla 
applicable under different conditions to various structures. 


IN.srLATINCI AND .SIlllATIllN'tl PAPKH.S 

Insulating and sheathing pajaTs arc mannfacttired frtini special paper 
stock waterproofed with bilninnioii- niixlnrcs in one of tliriv difTcrent 
wtiys, and according to which the following classes arc recognized, viz.: 

(1) Paper coated but not saturated. 

(2) Paper saturated but not coated. 

(3) Paper both .saturated ami coated with bituminou.s compositions. 

The function of the insulating or sheathing pa|)cr is to prevent the 

tran.sfcr of heat from the outside to the inside of a (lo.scd chainlier or 
building. lixpressed in another way, it.“ purpose is to keep the inside 
either cooler or warmer than the surrounding atmosphere. In the case 
of cold-storage plants, railroad refrigerator ears, ice chests or vaults, 
insulating papers arc used to keep the interior me/; whereas with build¬ 
ings and residences heated artilicially in winter, the function of llie 
building or sheathing paper is to keep the interior mim, by preventing 
the egress of heat. 

Insulating and sheathing papers are used to line walls, floors, and 
sometimes ceilings in one or more layers. The greater the numlier of 
layers used, the more efficient the installation. For buildings and resi¬ 
dences, usually one layer of the pa|x:r is employed, whereas for cold- 

■ “Modern Method* of Wsierproofinf,” by M If. f/ewie, N Y , 1014. 
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TABLE XXXIII 

DESCRIPTION OF WATERPUOOI-IN'G AND DAMP-PROOFING METHODS* 


No. Materials Km|)loyeil 


Method ol t'ae | Thickneea. 


A Clfftr damp-proofing Brushed cold on exterior 2 coats 

paints. surfaces. 

B Paraffine melted and Brushed hot on exterior sur- Penetrates i 
applied hot faces previously warmed to | in. 

C Black damp-proofiog Brushed cold on interior 2 cuate. 

paints. surfaces. 

D Bituminous cements. Trowelled cold on exterior I coat. A to 
or interior surfaces. A m thick. 


£ Bituminous adhesive Mopped hot on exterior sur- 1 mopping, 
compounds. faces. A to i in 

thick. 

Integral metAodi.' 

F Cement-mortsr with .\b a facinK on interior sur- I to 1 in. on 
waterproofing coin- faces exposed to mode- floors; } to 

pound rate or great heads of } in. on 

water, also as a stueeo on walls, 
exterior walla 

G Carefully graded con- Mixed in the IxmI.v or mass Throughout 
ercte with water- of the coniTcte when the con- 

proofing compound, formed crete 

\feinbrane method; 

H Bituminixed fabrics In alternate layers on exle- 2 to 10 lay- 
einployi'd in con- rior surfaces exposed to a ere 

junction with bi- head of water, 
tuminous adhesive 
compounds. 


Plastic method: 

1 Asphalt mastio. 


As a plaster or coaling on | to 1 in 
surfaces expnscil to mode- thick, 
rate heads of water 


Membrant and plastxr 
method: 

Bituminiied fabrics In alternate layers on sur- 2 to 5 tay- 
employeil in con- faies exposed to nioderato ers of fab- 

junction with as- or great heads of water rie with a 

phalt mastic. total of i 

. to 1 ill of 

mastic. 


For damp-proofing new or 
old work above ground, 
also to preserve building 
stone and prevent efflor¬ 
escence 

Used to replace furring and 
lathing. 

Used for same purposes as 
black damp-proofing pniiits, 
also to a limited extent on 
outside of walls 

Used on outsnle of walls 
where conditions an* not se- 


Ueed as facings on new 
work or to reinedy defec¬ 
tive old work, also as 
stuneo on new work. 

Suitable only for new work 
in the course of construe- 


Suitable only for Buligra.lc 
work in the course of con- 
BtructioD. 


Gives the best results oi 
horixnntal surfaces in new 
or old work, difficult to 
apply on vertical surfaces 


Suitable only for new work. 
Capable of withstanding 
1 ibratioD. 


* Waterproofing is intended to preiout the ingress or egress of water existing under pressure. 
damjr-proofing is intended to res.st the ingress of ntoisturo in places whers it cannot sccumulats 
undsr pressure. 


storage plants, refrigerator cars, and ice chests it is customary to use 
two or more layers of the paper with air spaces in between. The 
least expensive and most efficient form of insulation consists in confining 
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TAnl.E XXXIII-fmiftn.nl. 

METHODS SUITABLE FUR VARIOUS STRUCTURES 




During i 

After 



t'oiistrue- 

Construe- 

Remarks. 



tioii (New 




Work) 

Work) 



On inside 

<'. 1) 

C. D 

For damp-iiroofihg walls and replao* 





ing furring and lathing 


On outside 

A. 11 

A. It 

For daiii}>*pruofing and preservni] 

Kipoted walla 

On outside 

!■ 

A 

stone and to pretent elflorfacence 
For waterjiriKifiiig stueen and pre- 





tenting erarks 


On oiilside 

D. K 

D. K 

For damp-proofing where appear* 





ancf iH itiimatenal 

Hurxratruclurtl lUiora fin iiatli-roon a. 

F. H. 1 

F. I 

; For preventing seepage or else lo 

toilets, la\oratories, stairles. RnraKca. 
etc), swimniiiiK ]KH<ts and liinle 



retain water. 

indoors 





Foundation pits, nells. Iroiiehes. fool- 

I. H 

F 

For rceistiDg external water pressure. 

ings, basement walls niitl floors 
Concrete blocks 

A. F 

A 

For damp-proofing and iircvrnting 





crai'ka 

Railroad strurtum' 

Subways, tunnels, arches. cuKcrii* 

r. n. n 

F ] 

For resisting water pressure nr pre* 

and retaining walls 



\eiiiing seepage, and in certain 




( 

cases to withstand Mbralion (ex¬ 
cept F). Creat skill nvinired to 

SndgCH 


H. 1. 1 , 

1 

^ 1 

waterproof aJUr oouslruction. 

Water and ituagc 

j 



Rcsert oirs 


iMi n. 1 

F. I 

For resisting water prcMure Mastie 





(I) diflicult to iiistal wli<-ii masonry 
once saturated with water 

Danis, cntijiiits, filtering chamliers.: 

r.. F. c 

F 

For preventing seepage of water or 

aqueducts, sewage disposal s>steiit>| 
•dd manholes i 



sewage through masonry. 

Marine work: 





Concrete piles, piers, sea walls, andi 

F.O 

F 

For protection against frost and the 

cement ships 



destructive action of sea water. 


a “ dead ” or non-circulating air space Ijctwccn two or more layers of 
insulating paper. 

In practice, the paper is introduced in the floors, walls and parti* 
tions of buildings between protective layers of wooden boards. In 
other cases, the insulation is manufactured in the form of flat sheets 
composed of vegetable or animal fibres (e.g., flax, hair, etc.) sewn or 
otherwise fastened between two layers of bituminised paper, and known 
to the trade as “ flax felt,” “ hair felt,” etc. 

Untreated paper answers poorly for insulating purposes, as it will 
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become affected by the moisture and dampness resulting from the 
condensation which occurs whenever a cool surface comes in contact 
with warmer air carrying a larger percentage of moisture. Under the 
influence of moisture, raw paper soon disintegrates and loses its 
value as an insulator. It is necessary, therefore, to waterproof the raw- 
paper- to enable it to satisfactorily resist decay. Asphaltic materials 
and waxes are ordinarily employed for this purpose. 

Raw Paper Stock. A strong paper of open texture should be used 
for manufacturing insulating and sheathing papers. In accordance with 
the paper-makers’ scale the raw stock is designated by a “ number,” 
corresponding to the weight in pounds per ream composed of 500 
sheets, each measuring 2 by 3 ft.; in other words, by the weight in 
pounds of 3000 sq.ft. Raw papers from No. 30 to No. 180 are used, 
composed of one or more of the following classes of fibres, viz.: 

(1) Jute, hemp and manila fibres. 

(2) Chemical wood fibres (sulphite and sulphate fibres). 

(3) Me(4ianical wood fibres (i.c., ground wood). 

(4) Rag fibres (cotton and wool). 

The first three classes are ordinarily used, and rag fibres in rare 
cases to open up the " texture ” of the sheet, and enable it to 
saturate more readily.' Rags serve to increase the “ thickness factor ” 
and correspondingly decrease the “strength factor" of the paper. 

Jute, lu'tnp and manila fibres impart toughness, strength and permanence to the 
[Hiper. Chf'mieal wood fibres also tend to strengthen the paper, but are not regarded 
With as much favor as the foregoing, since it is difficult and in some cases impossible 
to remove the last traces of chemicals, which in lime are apt to decomixise and 
weaken the paper. Chemical wood filircs are divided Into two classes, viz.: sul¬ 
phite and sul[)hate fibres respectively (p. 5bS). The sulphate fibres are present 
in “ kraft" papers, and rcpre.scnt one of the strongest of all fibres. Mechanical 
wood fibres are the first to '’rot” and decrease in strength, and their proportion 
should therefore be kept as low as possible. 

In ascertaining the value of the raw paper for insulating and sheathing pur¬ 
poses, preference should be given to stock carrying the smallest percentage of 
mechanical wood. It is advisable that this should not exceed 21 ) per cent of the 
total. The balance may consist of jute, hemp, manila and chemical wood fibres in 
varying proportions, or chemical wood fibres alone. A good kraft paper will conBist 
of 1(X) per cent chemical wood (sulphate) fibres. 

The paper should be loose in texture, showing a thickness factor of 0.090 to 
0.125 (p. 5<i0)i ft strength factor (ascertained by the Mullen tester, p. .390) rang¬ 
ing from 0.35 to 1.00 (averaging about 0.60), and not exceeding 3 per cent ash on 
ignition. The highest strength factors are shown by kraft papers which are some¬ 
times guaranteed to test a pound on the Mullen tester, for each pound in weight on 
the paper-makers' scale. 

1 The kddition of rsa fibm rorcly exceocb 25 per ceot by weight. 
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Bituminous Saturations. For .saturatinR the paper, the bituminous 
eomposition may consi.st of tlie followinp: 

(1) Dark-colored mixtures similar to those used for saturnliiiR 
prepared roofings (p. liPl). 

(2) Light-colored mixtures containing one or more of the following prod¬ 
ucts: paraffine wax, petrol.'iliim, viscous cylinder oils and wax tailings. 

Bituminous Coating Compositions. i)ark-colored a.spludtic mixtures 
are iisi'd, similar to the coatings of prepared rrHitings (p. with the 
e.xceplion that they are u.sunlly manufactured harder in eon.sislency and 
of a higher fusing-point. A small percentage of mineral, animal or vege¬ 
table wax (.'> to l.'i [KT cent) is .sometimes addeil to impart wax-like 
proiierties and an “ unctuous " feci.' liesidual a.s|)halls have also been 
piilenled for coating purpi 'cs- 

Method of Manufacture. The raw pa|«'r is saturated, coated, or 
both saturated and coated by a machine similar to that u.sed for inanu- 
faeluring prepared roofings (p. ■ll'.'i). The web is saturated by running it 
through a tank of melted .saturating material, usually heated by .steam 
to a temtsuature of 22.") to that)" F. .As jiais'r stock is considerably 
di'iiser than roofing felt (the thickiie.ss factor amounting to ) to J of the 
latter) it will carry- a correspondingly smaller i«'reenlage by weight of 
saturation. A well-saturated paiK-r shoeld contain not less than 
|ier cent of bituminous .saturation based on its finished weight. The 
greater the pmeentage of stituration )ire.sent, the more moisture-resistant 
will the paiK-r Ik-. In rare ca-ses the .saturated pa|K'r will carry us high 
as .'ll) ix-r cent by weight of bituminous saturation. 

I The coating is applied to the jiaiK-r thinner than in the ea.se of pre¬ 
pared roofings. It will range from ID to 2.A lb pi-r lIKKI sipfl. (refer¬ 
ring to the coating on bolli sides of the sheet), when applied to satu¬ 
rated pa|K‘rs, with an inerea.sr- of alxiiit 2.o [x-r cent for pajK-rs which 
are eoateil but not saturated. 

Insuhliag and sliratiung pa[KTs arc sold in rolls mnt.-iininK IIKIO, .VH) and in 
some rasc.s 2.'K) v| ft There are no standard weights recognized by the (rade, eai li 
manufaeturor following his own views. I’nia-rs are marketed at the present tune 
from 2n-l2.A lb. [ler IIXK) s(| ft., the heavy weight.s falling on the lairder-line Ix-twivn 
paiiera and “ felts," often eontaining a pro|iorlion of rag stock 

Efficiency of the Paper .1'hc efficiency of the finished prtxluct is 
dependent upon the following features: 

(1) Weight per unit area. 

(2) Mullen strength at 77° F, 

(3) Resistance to moisture. 

I r S Put 42fi,r.33 of Apr 29, 1S80 to 11 J Bird 
> f. S. Pat 378,520 of Feb. 28. 1888. T J Peart-e and .M W. Beardalpy. 
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It ifl a peculiar fact that the tensile strength of the will gradually increase 
after manufacture at first rapidly and then more slowly as the paper seasons. Sat¬ 
urated and coated papers arc* more waterproof, more durable and l)etter insulators 
than the other typos. Similarly, a paper which is saturated is more efficient than one 
which is simply coated. The several methods of waterproofing are designed to meet 
the prevailing views of engineers, some preferring om* and some another. Sometimes 
the purpose for which the pajier is to lx* employed w'ill predetermine the ty})e used; 
for example, for surfacing sheets of filirous material (flax-felt or hair-felt), saturated 
papers only can be employed, since coated pajK-rs would gum up the needle of the 
machine used for sewing the sheets together. 

The moisture-resistant pro{x*rtics of an insulating pa|KT may be iwcertaincd by 
weighing and finding the Mulhm strength of a sheet of predetermined area before 
and after immersion in water for forty-eight hours. A scpiare fixit of the jwi)er is 
ordinarily employed for this purpose. Well-known brands of jiajier tested by the 
author slioweii the following rc'sulls’ 



Siiliinilcd 

Siifi rntoil 

1 SntijKilcil 

Siilunitcil 

.•^iihinilcil 


< >nl> 

1 Ct.lv 1 

iiitil Cinilc'l 

.Kill ('tiiiii-cl ; 

tuiil ('(infeil 

Orti/itui'lii 

.1 

/; 

(' 

/) 

K 

I'oiiikIs |>i'r 10IIC B<| ft. 

,S2 2 

7.S !) 

4;{ .1 

ni 0 

101 0 

IVftT tlllD' “f 

1.'. 0 

2;i 2 

0 

:>;< 0 

.W 0 

Million ulroitKtli ill iioiiiiils 
A/hr imtiiirsinir 

.*)S 1 

:,s s 

:n .s 

17 1 

I 'ld 3 

(Inin III woiiflit ]MT ociil 

:i2 0 

10 7 

27 .'■> 

2.! 0 

20 ,■> 

l.i HS III blionKtli pi'r I’t'itf 

:.i 7 

71 7 

.".1 r> 

:.i 0 

.'if. ri 


Paix'rs A and li originally weighed almo.st the same, but the gam in weight and 
loss in strength are very much less in A, due to the hirger ixTceiilage of .isphait 
carried by the pinx'r. 

The thicker tlx* |)a}M'r, the ctrongor and more dumble it will prove to be How¬ 
ever, from the standpoint of insulation it is ixMler to use two layers of a thin pai)cr 
with an air s|)iu*e In between, than a single layer of thick paper equal to their 
combined thickness. 

Saturated and Coated Papers for Electrical Insulation. Sometimes 
papers of this construction arc used for electrical insnlatini; purposes, as 
for example in consiructing automatic telepliono swilchhoards for wrap¬ 
ping wires and cables, etc. The following testa were olitained by the 
author upon subjecting papers of this ctiaraeler to an allernaling cur¬ 
rent increased at the rale of 125 volts [K'r minute between Hal disc ter¬ 
minals with rounded edges, tlie areas of contact nic.asuring ex.aclly I sp.in.: 



.1 

n 

i C 

/) 

Weight in poumla p« HNX) s<i ft 

21 

42 

CO 

90 

ThirkneM in mils 

5 

8 

12 

20 

Mullen etrength »t 77* F. 

25 0 : 

30 0 

40 2 i 

72 2 

Brenkdown volUge »t 77® 1'. 

7.50 

1190 

1637 

2fK';0 

Volte per mil. 

l.-XI 

149 

K>7 

133 
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ELl-XTKK'AL INSI EATING TAPE 

Bituminizod tail's for (‘Iccirical insiiliiling piirposoa are prepared 
by passing strips of cotton or muslin througli a bath of molted bituminoiM 
material intended to fill the [wres of the fabric and proyide a slight excess 
on the surface. They are manufactured in widths of }, J, and I’ in. re¬ 
spectively, and wound in J to ^-Ib, rolls, averaging 5 lb. The length per 
pound varies from 02 to 72 lineal yards for l-in. tape, 40 to 50 yards 
for J-in. tape and 31 to 30 yards for 1-in. ta|)c. The thickness w'ill range 
from 0.015 to 0.025 in., averaging 0.020 in. 

A sheet of cotton cloth weighing from 4 to 6 ox. per square yard 
is pas.sed through a bath of melted bituminous composition, so that an 
excess will adhere to the surfaces (from 0.005 to 0.007 in. to both sides 
of the sheet) and after cooling, is torn into strips of the desired width 
and wound into rolls of predetermined weight. The weight of the prod¬ 
uct should average 1 lb. jier square yard, carrying almut 0.33 lb. of 
cotton fabric and 0.07 lb. of bituminous saturation and coating. 

Characteristics of the Bituminous Impregnation. The bituminous 
composition with which the fabric is treated may consist of one or more 
of the following proilucts: 

Pure native asphalts, residual asphalts, blown petroleum asphalts, 
wurtzilite asphalt and fatly-ai id pitch, u.scd cither singly or in various 
combinations when of the rerpiircd consistency; or else if too hard (and 
the same applies also to asphaltites) fluxed to grade with one or moro 
of the following, viz.: soft native asphalt, residual oil, soft residual 
asphalt, soft blown petroleum asphalt, soft fatty-acid pitch, animal and 
vegetable oils and fats, and wool grease. 

It should comply with the following tests. 

(1) The consistency at 77“ F. should Is- Is-Iow 7 0 (Teat 9c). 

(7) The suscoptiliihty factor (Test lit)} should U* an low as possible, and prefer¬ 
ably under 25. 

(3) The ductility at 77“ F. should lie as high as possible, and preferably over 25 
centimeters (Test 105). 

(4) The fasing-point by the K. and -S. tnelhod (Test 15a) should be lietweeo 
80 and 100“ F. 

(5) The volatile matter at 500° P. in four hours (Test 16a) should not exceed 
5.0 per cent. 

(6) It should appear “ tacky ” and adhesive at room temperature, and retain 
this property as long as imssihlc on exposure to air. A strip of tape hung indoors 
and protected from the direct rays of the sun should show no dimunition in tacki¬ 
ness at the end of two months. This is important, for if the tape once dries out, 
it becomes valueless. 
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According to the Navy Department’s specifications for insulating tape issued 
July 11, 1910 (No. I7-T-1) the finished product should comply with the following 
requirements: 

The surface must be smooth, the body entirely free from holes, the edges straight 
without ravelling, and the width uniform. When unwinding from the original coil, 
there must be no tendency to leave a thread sticking to the next layer. When 
held before a strong light, there must be no evidence of pin holes. The cotton to 
be well saturated but the compound must not be put on in excess. Tlie separation 
under a pull of 2 lb. |)cr inch width applied to a coil rewound on a ]-in. mandrel, 
under a tension of 10 lb. at 75* V. shall not exceed 8 in. per minute. A strip 
exposed to dry heat of 210* K. for sixteen hours shall show a separation of not 
exceeding 3 in. per minute at 75® K. under a tension of 2 oz. per inch width, when 
wound in a coil on a J-in. mandrel immediately after removal from the source of 
heat. The weight of the compound applied to the fal)ric shall !)C alwut 0.05 lb. 
per square yard. The ash on burning shall not exceed 45 |>cr cent. The tensile 
strength at 76* h'. shall not l)e less then 40 lb. |)cr inch of width, when performed 
on a rubber testing machine, the initial distance l)etween the clan ps Icing 3 in., 
and the rate of separation 3 in. per minute. The dielectric strength shall not Imj 
less than 1000 volts j)er millimeter thickness (5 minims). No breakdown shall 
result l>etween two brass balls 2 cm. in diameter, at the specified nltcmating poten¬ 
tial having an effective value at a frequency of 00 cycles, applied continuously for 
five minutes. In making the test the electrodes must be brought close together 
80 that the tape will just move Iwtween them. The tape shall In* packed in tissue 
paper or tin foil and enclosed in a tin box, to prevent it from drying out. 


BITUMINIZED WALL BOARD 

Methods of Manufacture. Wall board is used in forming ceilings, 
also partitions between the rooms of dwellings. It is nailed directly to 
the wooden beams and takes the place of lath and plaster. Wall board 
is manufactured by assembling two or more layers of pulp board (manu¬ 
factured from ground wood) or chip board {manufactured from waste 
papers), so as to form a total thickness approximating \ in. The 
individual layers of pulp or chip board measuring 0.025 to 0.000 in. are 
generally cemented together with silicate of soda, but in certain cases 
asphalt is used. The manufacturers contend that asphalt contributes 
to the moisture-resisting properties of the finished Iward, but this, how¬ 
ever, is a mooted question. When asphalt is used, it is introduced while 
melted between the several layers of pulp or chip board, following sub¬ 
stantially the same procedure as in manufacturing multiple-layered 
roofings (p. 410), 

Each asphalt layer varies from 0.020-0.025 in. thick. Theoretically, an asphalt 
having a specific gravity of 1.00 at 77* F. should weigh 5.20 lb. per 1000 sq.ft, in a 
layer 0.001 in. thick. Actually, however, it will weigh 4.80-4.85 lb., due to the (act 
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that a portion of the asphalt soaks into the lx>ard on act^unt of it« poromty and 
slight irregularities m its surface. 

Another type of bituminised wall l)oard consists of a single layer of chip lioard 
measuring about 0.060 in. thick, surfaced on one side with a fairly heavy coating 
of asphalt, in which are emlieddcd wooden lath strips, spaced at intervals.' This 
may either be used as a wall board by fastening it with the smooth side outward, 
or if reversed, it may lie used as a plaster lK>ard, and plaster applied directly, to the 
lath strips. Still another modtfiention consists of wooden lath strips coaled with 
asphalt and assembled side l>y side bcfwe<‘n two layers of strong paper or chip 
Ixiard firmly cemented in place wntli usohalt * 

M’ I»»t a<;R.l.',7 of \||« 1907 In r. V 

*U 8 Pat 200350 of Aug 13. 187H to D S Arn<iUonf. 



CHAPTER XXVI 

SEMI-LIQUID, SEMI-SOLID AND SOLID BITUMINOUS 
COMPOSITIONS 

Adhesive Compounds for Built-up Roofing and Waterproofing Work. 
Tar-pitches and asphaltic prcKlucts arc used for this purpose, similar 
in composition to the surface coatings of sheet roofings (p. 3i)2). Adhe¬ 
sive compounds arc employed in three classes of work, viz.: 

(1) For constructing membrane waterproofings on underground work 
exposed to uniformly moderate temperature conditions, as for example 
tunnels, foundations of buildings, retaining walls, etc. 

(2) For constructing membrane waterproofings on structures above 
ground, exposed to wide fluctuations in temperature and subjected to 
severe vibration, as on bridges, culverts, etc. 

(3) For constructing built-up roofs exposed to extremely wide fluctu¬ 
ations in temperature, and to little or no vibration. 

Each class will be considered separately. 

Afikesive Compounds jor Memhram Wider proofing Underground. 
Since these are exposed to uniformly moderate temperature conditions, 
they are usually prepared of a comparatively low fusing-point. The 
two most important considerations are that they should have a high 
tensile strength and great ductility at 77° F,, and it is immaterial whether 
or not they have a low susceptibility factor. 

The proposed tentative specifications for coal-tar pitch recomraended by the 
American Society tor Testing Materiab, (1917) for waterproofing under moderately 
uniform temperature conditions (Type A) are as follows: 

(o) The fusing-point ns determined by the cube method in a water bath shall 
be between 129-140° F. In specifying the fusing-point within the above limits, a 
variation of not more than S° F. in either direction will be permitted. 

(b) The penetration at 77° F. shall not be less than 20 nor more than 120. 

(c) The ductility at 77° F. when a briquette having a minimum section of 1 
sq.cm, is pulled apart at the rate of 5 cms. per minute, shall not be less than 40 
oms. 

(d) The loss of a 20-gram sample on heating live hours at 325° F. shall not 
exceed 9 per cent for pitch having a fusing-point Ixitween 120 and 130' F., or 7 
per cent for pitch having a fusing-point lietween 130 and 140° F. 
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(e) The specihc gravity at 77/77 F. Khali fall within the range 1.24 and 1.34. 
The specihe gravity at 140/140“ F of the distillate to 071* F. ahull not be leaa than 
1 . 00 . ■ 

(/) The matter soluble in hot toluoMienzol shall not be leas than 65 or more 
than H5 per cent. 

(g) The ash shall not exceed 1 per cent. 

The projKised tentative specifications for asphalt recommended by ll»e eume 
Society (1917), arc as follows. 

(a) The fusing-ix)int shall 1)C lietwecn 100 and 140“ F. uu detemimed by the 
ball and ring methiKi in a water bath, and shall W specified for one of the following 
classes: 130-140“ F.’ 115“-130F: 100-115“ F 

(b) The ficnctration at 77“ F shall not Ik* Ics-s than 15 nor more than 126, and 
shall bear the following relation to the fusing-jiuint: 

penetration range of 5t) 7.'> for fnsmg-iKiints U-tween 130-140“ F 

Penetrataon range of 7.5-lOt) for fiismg*iMmits lH'tw<‘<*ii 115-130“ F. 

Penetration range of 100-125 for fuMiig-ixunts Ix'tween 1(X)-115* F. 

(c) 'I'he ductility at 77“ F shall not lie less than 30 cins. 

(d) I’he s|)eeific gravity at 77/77“ F, shall not !k* more than 1.08. 

(f) The soluljiiity in ctild carlnm disulphide shall not la* lewi than 95 per cent. 

(/) The l(‘(w of a 50-gram sample on liontmg five hours at 325“ F. shall not 

exceed 1 |>er «a-nf. and the |K-netra1ion of the n'sidue sliall not be less than 60 (ler 
cent of the original |x‘fielration. 

ig) The ash shall not exceed 4 jier cent 

The specifications issued by the Publn- Service* Commission of the State of New 
York for asphaltic adhesive to lx* used in subway construction, provides for smaller 
ranges in the tests, vit.: 

(o) Not less than 95 per cent shall lx*, soluble in cold carlxin disulphide. 

(6) At least 98J per cent of the ixirtion soluble in cold carlxm disulphide shall 
be soluble in cold carbon tetrachloride. 

(c) The f1asb*^poiQt shall not lx? lx*low 350“ F. when tested in the New York 
State closed tester. 

(d) When 20 grams are heated for five hours at 325“ F. in a tin Imx 2} in. in 
diameter, the loss shall not exceed 5 fx'r cent by weight, nor shall the penetration 
at 77* F, after such heating lie lc.ss than one-half the ongimil fx'netration. 

(c) Hie fusing-pomt by the K. and S. rnethixl shall lx? lx*lween 115 and 136“ K. 

(/) Hie jjenetration at 77“ F. shall lx? b(?lwecn 75 and 100. 

ig) The diielility at 77“ F shall not Is* less than 20 cms. 

Adhesive Compounds for Metnbrnne Wnterproitfing above (Jround. 
Bituminous materials used under those eonditions jnust nooossarily 
withstand wide variations in temperature without Boftening or l>cooming 
brittle. In other words, the material should have a low susceptibility 
factor. This will necessarily exclude tar products, and restrict the 
choice to the following asphaltic compositions: 
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(1) Asphaltites fluxed to the desired consistency witli rcsidiml oil, petivileum 
asphalt or soft residual asphalt. 

(2) Blown petroleum asphalts of the proper consistency. 

No “standard” speciheations have at present been proposed for this class of 
work* but in general the adhesive should comply with the following characteristics: 

(а) The penetration. (Test 96) slmll range as foUovre: 

At US" F. 100-150 

At 77“ F. 50-100 

At 32“ F. 25-50 

(б) The susceptibility factor shall not exceed 35 (Test 9d)‘ 

(r) The ductility at 77“ F. (Test 10a) shall not be less than 

(d) The fusing-point by the K. and S. method (Test 15a) should be between 
I2.V1.55“ F. 

{e) The volatile matter at 325“ F. for five hours (Test 16a) should be less than 
1 per cent. 

{/) The flash-point (Test 17a) should exceed 450“ F. 

ig) Solubility in carbon disulphide (Test 21a) to exceed 95 i)er cent. 

(6) Solubility in 88“ naphtha (Test 23) to 1)C greaUT than 80 |)er cent. 

Adhesive comptjunds may l)e .safely heated to 400“ !•'. wh<*n applied to the 
masonry or felt. A typical product of this group is represented by the specimen 
of blown petroleum asphalt derived from Mexican crude oil having a fu.sing-point 
of 143“ F. (K. and S. method), included in Table XXV, facing p. 204. 

Adhesive Compounds for Built-up Roofing Work. This class may 
cither consist of coal-tar or asphaltic products as they are used in 
structures where there is little to no vibration. The same materials 
arc adapted for this purpose as for the coating compounds of prepared 
roofings but they art^ generally prepared of a softer consistency artd 
lower fusing-point. The susceptibility factor docs not play an impor¬ 
tant role, and the ductility may be considerably less than in the fore¬ 
going class of adhesives. No standard specifications have been pro¬ 
posed for this group of products, but the author’s experience dictates 
the following ranges; 

(а) Penetration at 77“ F. (Test 96) to be between 25-75.' 

(б) The consistency at 77“ F. (Test 9c) to be between 10 and 25. 

(c) The ductility at 77“ F. (Test lOo) to be not less than 10 cms. 

(d) The tensile strength at 77“ F. to l)e not less than 2.0. 

(e) The fusing-point of coal-tar products by the cube method (Test 15c) to 
range between 145 and 175“ F. 

(f) The fusing-point of asphaltic products by the ball and. ring method (Test 
156) to range between 160 and 190“ F. 

' Th* foUowint t«t« havfl bfpn mggfsted to iomre sufficienl iJiabitIty #1 low temperatures, slso 
remtutce to the hett of ibe sun; « pnam i in.XI in. X3 in. when reduced to 0” F. in a miiture of 
aaow and mU roust remain pliaUe, and a 2-in. cube roust not Sow or become distorted when sub* 
jeoted to 110^ F. for 10 hours. 
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(s) The voliUilv iimdrr at 325" K in fivp huure (Taai Kia) aliall not excotai 
1 per mil, ainl (lie laoietration of the rcaalue at 77" P'. to lie not li'aa than 50 |x*r 
eeni'of tlic on((inal [H'netralion. 

(5) The d'Lah-jNhnt ( Teat I7rt) to exeeed 350® F. 

(0 The Boluhihty of aaphahie produrla to exceed 05 per rent in earbon iliatil- 
phidc (Teat 21a) and 75 |)er rent in 88' naphtha (Teal 23). The aolulidily of nml- 
tar prixlueta in hot toluol-lieniol (Teal 22) to ranite lietaeen 65 and 85 (ler rent 

Compounds for roofing work are usually applied at leniperalure of 350^00' I' 

Pipe-dips and Pipe-sealing Compounds. Pipe Dips. To prolong 
the life of metal pita's, it is si nietiiiies eustoiiiary to treat them with 
solid bituminous eompositions' to proteft them either inside op outside 
or l)oth. The treatment may consist in simply dipping the pipe in the 
melted compound, a combinatitin of dipping itnd wrapping with a 
liituminir-ed fabric or burying the entire pipe in a trough filled with 
bituminous matter.* Steel pijies are more susceptible to corrosion than 
east-iron piircs, since the minute iiarticles of graphitic carlion or elsi' the 
molecular structure of the cast iron tends to ri'tnrd its action. l’i|M'a 
are prone to corrwle internally when used for conveying water, incluil- 
ing water-mains or water-supply pipes. The external corrosion is 
brought about by one or more of the following circumstances: 

(1) Kxfxisure to moist soil conditions. 

(2) Flectrolysis induced by stray electric currents. 

(3) Exposure to mineral salts in the soil, as for example the " alkali ” 
normally occurring in some of the western States. 

(4) Contact with dilute acid, as for example sulphuric acid wcurring 
in the water of coal and other mines, and derived from the sulphur 
present in the minerals (sulphides, sulphates, etc,). 

Cast-iron pipes arc rarely protected at the present time, but steel 
pipes are often coated, and especially when used for the following pur¬ 
poses, viz.; water mains, lines for conveying oil across the continent, 
steel flumes for irrigation or power purposes, compressed-air pipes for 
operating block signals or switches on railways, conduits for transmis¬ 
sion and telephone wires, piiies for conveying illuminating or natural 
gas, pipes apt to come in contact with acid liquors in mines, etc. 

To fuIfU its function satisfactorily, a covering should be:' 

(1) Impervious to air and moisture, and a non-conductor of electricity. 

■ Unseed oil and bituminous nsints. p. 472, also inorsanic matariala aurh aa altoya, otidaa, 
liliratcu. aad Portland-rem«nt morUr or conrirto are alw uaed for thia purpoae. 

’"RuaticM Coatioga ” by M. P. Wood, 1st Edition, New York, I9(M, Chapter Xll; ’‘The 
iDdiistrial and Artistic Technology of Paint and Vamiah," by A. H. Sabin. 2d Edition, New York, 
1917. Chapter XVIll; deries of articles by K. R. Harper entitled '* The Comparative Valuet of 
Various Coatinna and Coverinya fer the Preventir>n of Koil and Kloctrotyiic Corroabn of Iron 
Pipe.” Am. Gas Light J . 91. 429. 475. .528. 57.5. 926 and 997. 1909, 

’"The Cwroeion of Metale,” A H. 8eiton. Mantbwicr. Enfland, IWif. 
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(2) Of 8uch a character that should the surface be broken through, the covering 
will not accelerate corrosion. 

(3) Not susceptible to Ijeing chipped or broken through by any treatment 
which the pipe may receive during its installation or use. 

(4) Durable without Irccoming isrrous, brittle or cracking by the action of air 
moisture or light under the conditions to which it is likely to Ire exposed. 

(5) Incapable of producing any deterioration in the metal to which it is applied. 

(6) Easy of ap|>licnlion. 

(7) Easily renewable, if the surface irecomes broken or damaged by accident or 
otherwise. 

The first compound to Ire used for this purjrose was comirosed of moderately 
hard coal-tar pitch combined with lin.seed oil.' The pipe to be treated was brought 
to a temperature of 300° K, and then immersed into a bath of the pitch mixture 
maintained at the same temperature. The pi|)c ujwn ireing removed was kept at 
3W° K, and protected from draughts until the coating baked hard and tough. 
Pipes treated in this manner are said to have proven very durable. 

M(^em practice is very similar to that followed by .Smith, but when coal-tar 
pitch is used the linseed oil is replaced with creosote od (i e, dead or anthracene od), 
of which small quantities are added from time to time, to maintain the pitch at the 
proper fusing-point and hardness, sime continuous heating would olherwise volaldise 
the light oils, and gradually harden the co,'d-lar pitch. Under the most favorable 
conditions, however, coal-tar pitch and creosote oil form a brittle coating which i.s 
apt to be injured and chip or scale olT in time Kor these reasons asphaltic com¬ 
positions are being used in place of the coal-tar pitch, and generally with better 
results. 

The most satisfactory asphaltic compounds correspond in physical properties 
with the adhesive compounds used for waterproofing railroad bridges (p. 44:)), 
having a low susceptibility factor, moderately liighfusing-|Kiint, moderate hardness’ 
^at toughness, elasticity and adhesive properties. Residual oil is generally used to 
K^p th© asphalt fluxed to a unironn hardness and fusing-point 

The bituminous mixture is maintained at alxiut 400° F., in a horisontal or verti¬ 
cal tank, well insulated to prevent radiation, and heated by coal, oil or iiroducer 
gas. The sections of pipe are first placed in an oven through which is circulated 
a current of air heated to 400° F., then immerseil into the bath of melteil bitiimmoiis 
matter, allowed to drain in a heated chamlicr above the tank and finally cooled. The 
taished coating is 0.05-1.10 in. thick, and because of the “ baking ” to which it 
has been subjected, its fusing-point becomes a good deal higher than the compound 
originally placed in the lank. 

^^0 ^at objection to the use of a dipiicd coating is the case with which it 
becoines injured on handling during tranajKirtatioii or installation. This objection 
inay be overcome by wrapping the pipe spirally after it lias been dipped with .strips 
of mtuminiserl fabric, such as tar- or asphalt-saturated paper, felt or cloth 0.00.5- 
0.100 ill. thick (measuring 10-16 sq.ft, per pound). For wrapping 2-in. pipes, 
^m. stn^ are used; for 4-in. pipes, 16-in. strips; and for 8-in. pipes, 32-in. strips. 

1 he fabric may be fasten^ to the dipjied coating by the agency of thin layer of 
melted bituiamous composition, or the cold application of a paint composed of the 
composition dissolved in a volatile solvent. The pipe after being wrapped may 
either be marketed as such or else surfaced with another such coating. Pipes finished 
•Enj. Pat. of 184S, No. 12.201. Oct. 19, to R. Anaoa Smitli. 
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in this manner are much It‘;« susceptible to injury, and will last for many yeara 
even when subjected to seven* conditions. 


Pipesealiny Compounds. Hituminoiis coniiwinds have also met with 
considerable success for sealing the joints of metal or earthenware sewer 
and drain pipes. Asphaltic comptitinds are tisunlly used for this purpose, 
carrying 50 to 65 per cent of finely divided niitieral matter, preferably 
silica on account of its re.sistaiK'e to acids and other corrosive agencies. 

The pipes may be as.sembled underground in a trench or piiu' gal¬ 
lery, and the bittiminous cotnpositioti melted at a temperaltire of 350 
to 400° F. poiirt'd into the joints, which should first be well eatilkeil 
to hold the compound in place. Sometimes two or more sections of the 
pipe are joined together above ground, while lliey are maintained in a 
vertical position, and when the compound cools they arejoupled to 
additional lengths latlow ground. 'I'his will save time, since it is easier 
to form the joints while in a vertical ixisition, than when laid horiaon- 
tally. 


following specifications apply to a well-known pi))c*«ofll compound on the 

market; 


(TmI 7) Pp^t’ifir itr&Mty at 77” F. 

(Test Of) C'<>i>Biatenr\ at 77® F 

(Tfat )0/>) Dtjctilitv at 77° F 

(Tesf 11) Teiiailp etrenyth at 77° F 

(Tpfit l<‘>a) FiiBiiic-point <K and S nietliofi) 

(’IfBl Hl<i) Volatile matter at 5<X)° F in I 1..*b 


1 ftO to 1 76 
10 to ir« 

(Greater than 1 0 
('•realer than 10 0 
IK6 200* K. 

{eaB than 1.6% 


The principal considerations arc (hat the conifiound should a high fusing- 

point so as not to soften in warm weather or on corning in contact with hot water 
flowing through the pipe; it should !« sufliciently ductile to fx^miit the pipe settling 
in sections without the joints breaking ojien; and it should have great adherenee 
and tensile strength to enable the line to expand or contract without tearing away 
the (oinpound from the pipe. 

The advantage in using bituminous compounds for sealing joints is iKicause they 
will permit the pipe to settle, as it is very apt to do in a freshly filled trench, withoiit 
danger of the joints opening. In addition, they prevent the roots of ire<« or shrubs 
working their way into the joints, and congesting the inside of the pipe line. Other 
materials used for this purpose, such as cement mortar, sulphur, etc., possess these 
defects. 


Electrical Insulating Compounds. Bituminous compounds adapt 
themselves very well for electrical insulating purposes, on account of 
their high breakdown voltage, resistance to moisture, acids, alkalies and 
changes in temperature, also Iwcause they are in most eases capable 
of withstanding exposure to the weather. 

A review of the patent literature reveals thousands of patents in 
the electrical industry involving the use of bituminous materials and for 
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hundreds of different purposes. The scope of this book will permit a 
brief survey of but the most important principles involved. 

Semi-solid to solid bituminous compounds capable of melting under 
the action of heat arc combined in many ways, often with the addition 
of other substances, including resins; rubber; animal and vegetable oils 
and fats; animal, vegetable and mineral waxes; mineral fillers; sulphur, 
etc. The electrical resistance of bituminous compounds varies from 2(X) 
to 1200 volts per mil, ascertained by subjecting a specimen at 77° 
F. between two spherical terminals, 2 cms. in diameter, to an alternat¬ 
ing current of 60 cycles, the voltage Ix-ing incrcasral at the uniform speed 
of 600 volts per minute, until a break-down occurs. 

Tlip following figures show the volume resistivily of solid bituminous and other 
dieicctries, expressed in ohm-centimeters, in the order of decreasing values: ‘ 


Special paraffine . . 

. Over .'iOOXlO'* 

Oresin . 

.Over 500X1(1'* 

Hani rubber. 

. l(M)XIO'" 

Asphalt (medium hard) . 

.•iOXlO'* 

Sulphur . 

. . 100X10“ 

llusin . 


(’hloriiiated sax (” halowa* "). 

. . 20X10“ 

Shellac. 

. 10X10“ 

(■lass. 

. 8X10“ 

Yellow «a*. . .... ... 

. 2X10“ 

Mica (brown African clear). 

2X10'' 

Unizlared porcelain . 

. . 3Xt0'« 

Tetrochinrnaphthalene. 

. 50X1(0? 

Mica (India ruby stained). 

.. . .10X10'? 

Paraffined mahogany. 

. . 40X10“ 

Italian tiiarlde . 

. 100X10» 

White celluloid . 

20X10» 

Slate . 

100X10" 

Insulation for Cotton-covered Transmission Wire-s. The cotton cov- 


ering is either saturated with a bituminous mixture, or both saturated 
and coated therewith. The saturation is similar to that used for im¬ 
pregnating prepared roofings (p. 391). Asphaltic products of a harder 
consistency, corresponding to the weather-coatings of prepared roofings, 
are employed for coating cotton-covered wires exposed out-of-doors, such 
as electric light wires. Wax-like properties are often imparted to the 
coating by incorporating a small percentage of animal, mineral or vege¬ 
table wax. Rubber is scarcely ever used as an ingredient of out-of-door 
mixtures because of its inferior weather-resisting properties, but it may 
be used to good advantage for covering cotton-covered wires indoors, 
in which event the bituminous matter should properly be regarded as an 
adulterant of the rubber. If the bituminous matter is not present to 

' Scientific Paper No. 234 of the Bureau of Standards. Wash., D. C.. 1915, *' tosulative Proper* 
tie* of Solid Dielectrics,’’ hy 11. T.. Curtie 













BITUMINOIVS OOMI’OSITIONS 


449 


excess, the mixture will larnely retain the physical properties of rubber, 
and may be vulcanised by incorporating a small percentage of sulphur. 

Bare copper wires may be msulatcd with ct*rtam vnrictaw of falty-acid pitch, 
which are transformed into an insoluble and infusible coating by heating to a high 
temperature (p. 332). 

I'ncuurn Impn'iimiting Comiiounds. These are asod for insulating 
the field and armature windings of motors and dynamos, also magnet 
anti transformer coils. The copper wirt' loops are woiinil with muslin, 
or in some cases with asbestos, and then impregnated with a melted 
bituminous or oleo-resinous composition. The former only falls within 
the scope of this treatise, and includes asphaltic products com|Kised sub¬ 
stantially of the same materials, and having approximately the same 
physical properties as the surface coatings of prepared roofings (p. ;)il2). 
The following characteristics are of importance: 

(1) The mixture should melt to n liipiid having the lowest isiasiblc visrosity 
(Test 8a) at the temperature at which it is iiiaintained while mipregnaliiig the roils. 
■Siiii’C the purpose of the compound is to is'iielrale the muslin wrapping of the wire, 
It follows that the more li(|uid the melted rtiin|X)und, the inori' thoroughly it will 
fulfil this funrtinn. 

(2) The softer the compound for the presrrilu'd fusing-|siint, the less it is apt to 
crack in servnx-, especially aa the revolving arniature of a motor or dynamo is sub¬ 
jected to the most c/trenie conditions in regard to vibration. Should the eonipound 
crack or powder, its msulativc value will lie nullified, and the imiehine will become 
short-circuited and put out of commission The mixture should preferably have a 
penetration of TR to 125 at 77° F. (Test Oh). Its susceptibility factor should also 
lie aa low aa possible, and under no cireiiinstanccs in excess of 25 (Test 95). 

(3) The ductility at 77° F. should ls‘ as high aa possible, mid preferably greater 
than 5 (Test 10). 

(4) The fusing-point by the K. and S inethial (Test bio) should exei'cd IStl" F. 
This will insure the compound reiiiaining in [ilace when the nnarhine lieala up in 
service. 

(5) The volatile, matter should not exceed 2 per cent at 500° F'. in four hours 
(Test Itkr). 

(6) The solubility in carbon disulphide (Test 21a) should exceed 99 |)cr cent. 
Mineral or rarbonaceous mailers will interfere with the iwnctrating proiwrlica of the 
com[iound. 

Kcaidual oil is ordinarily used to flux the compound to its original consistency, 
if the hardness or fiismg-point increases while maintained in the liipiid condition. 

The apiiaratus consists of two steaw-hcated, air-tight iron tanks, one for carry¬ 
ing the coils to be treated, and the other for storing the melted compound, as 
illustrated in Fig. 149. The coils are placed in the impregnating chamber, the heat 
turned on and the air exhausted by the pump within i-2 in. of the barometer, 
which draws out all the moisture. In the meantime the compound is melted in 
the steam-heated liquor tank at .300° F., whereupon it is allowed to enter the vacuum 
;hamber and subjected to a pressure of 90 lb. per square inch which forces it 
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throughout all parts of the coil. It is maintained under compression for one or 
more hours, when the valve Ijetween the tanks is 0 |)ened, the com(x>und forced back 
Into the liquor tank, and the excess allowed to drain from the coils ujxm being 
subjected to a dry heat for half an hour, which also completes the saturation. It 
is claimed that coils treated by thks process give better service than those insulated 
by varnish (see p. 478), and moreover, since they become practically solid, there is 
no danipr of the wires slipping. The total cost of treatment is leas than when 
varnishes are used, but to offset this, the equipment is more expensive. The units 
are made with impregnating and comimund storage tanks inea-suring 108 in. diam¬ 
eter by 240 in. high as a maximum. 

Transformer and magnet coils may be treated in the same manner, and tesla 
made in the author’s laboratory demonslrale that tightly wound coils several inches 



Courtesy of J. P. Domhc Co. 
Fi(}. 149.—Viiduum Irnpregnjitinp; Appamtus. 


thick, composed of high gauge wire may lie thoroughly impregnated. Bituminou.s 
coint)ounds sliotild only be used for air-cooled transformer (‘oils, us they will liecoiiK' 
softened and dissolved in oil-immersion trausfonners. The method is now lieing 
used almost universally in large plants. 

Wooden pipes for conveying liquids, w(Kxlcn storage battery Ixixes, cotton l)elt- 
ing, etc., may bo impregnated with bituminous eoniptxsitions in an apparatus of 
this type. 

Junclion~hox and Pot~head Compounds. Those are used for filling 
the metal reoeptaclcs in underground eloetrieal tran.smis.sion lines, where 
feeders branch off from the main wires. The connections arc nsualiy 
made inside of a metal box known as a “ junction 1k>x ” or " pot-hcad.” 
Asphaltic compotmda fusing in the neighborhomi of 200'" F. (K. and S. 
method, Test 15a) are melted and poured into the receptacle to her- 
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mctically seal the wires after the junction or connection haa been 
effected. 

Hattery-box Compounds. Tlic.se are used for scaling “ dry " batter¬ 
ies. After the zinc container i.s filled with chcniicala in paate form, and 
the rod of carlxin intixxhiccd, the fop is hcrnictically scaled with the 
“ battery-box comiKiund.” This consists of moderately hard coal-tar 
pitch (fusing at 160 to 170° F. by the ciilx- mcthwl, Test 15c) combined 
with alxiut an equal weight of siliceous .filler. 

“ Carbons ” for liatleries, Electric I.iijbts and Armature lirushes. 
“ Carbons ” for the electrical industry are formcil by heating a mixture 
of powdered coke and hard coal-tar pitch (fusing above 200° F. by the 
cube method, Test l.V), in a closed metal mould. Fixui subjecting this 
mixture to a red heat, the coal-tar pitch carlwnizes, and consolidates 
the particles of coke-carbon. Arinatui'c carlions are often mixed with a 
proportion of graphite to rediici' their friction again.st th(^ rapidly revolv¬ 
ing armature; and electric light carlxins with a proportion of mineral 
conatitHent.s (usually less than 2t) per cent) including tlic rare earth 
oxides, silicates, fluorides, Ixiriites, etc., to increase the luminosity or 
modify the color of the electric arc. 

Bituminous Rubber Substitutes. On account of the high price of 
pure rublier, it is often adulterated with fusible inaterials derived from 
the animal, vegetable or mineral kingdoms. Itesins, animal or vege¬ 
table oil.s and fats, animal and vegetable waxes have liecti used largely 
for this purpose. Bituminous comixiunds have also found a rcaily use, 
including the following groups: 

(1) Ozokerite and parafline wax. 

(2) Hard native asphalts. 

(3) Asphaltites either used alone or fluxed. 

(4) Blown petroleum asphalt. 

(5) Wurtzilite asphalt. 

(6) Kosin pitch. 

(7) Fatty-acid pitches. 

(8) Special products including chlorinated naphthalene, etc. 

The bituminous materials arc regarded mainly as “ extenden;,” dilu¬ 
ents or cheapeners, although in some cases they are purjxiscly used to 
soften the ruhlier, and in others to increase its weather-resisting proper¬ 
ties. These substitutes, known as “ mineral ruhlier ” or “ factis ’’ are 
incorporated with the raw rublicr on the masticating rollers (consisting 
of heavy steel rollers revolving at unequal speeds, capable of being 
heated by steam or cooled with water). One method consists in first 
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combining the substitute with reolaimed rubber and mineral fillers on 
the rolls. The raw rtil>l>er is then masticated a short time, whereupon 
the bituminous mixture, still warm from the masticating process, is 
gradually worked in, small quantities at a time, and the composition 
finally vulcanized in the usual manner. 

The most satjsfaclory bituminous materials for this purpose include; 

(1) Products which of themselves possess " rublicr-like ” properties (including a 
certain degree of toughness, resilience, tenacity and ductility), as for example 
gilsnmie (s.mbinations, wurtsilite a.sphalt, blown petroleum asphalts, and certL 
ol the faf ly-ari(i pjtHio.s. 

(2) Bituminous sul,stands which are capable of Is-ing hardeneil and toughened 
by the sulphur usisl m the vulcamxation process. To this class belong the gilsonitc 
combinaUons, wurtsilite asphalt and fatty-acid pitches. 

quoted exiicriment by Heinzerling and 
Pah , the use of certain bituminous materials actually imprmn the elasticity and 
msulative properties of the rubber when added in small percentages, although at 
best they tend to decrease the tensile strength. * 

The harder waxes and bituminous materials are used in mixtures of hard rubix-r 
tion«“ “"d Lituminous materials in soft rublxir coroposi- 

LTre .''fpartually vulcanized with .sulZr 

hlrto totmTnt' 

Mouldmg Compositions. Mixtures for Small Moulded Articles. For¬ 
merly shellac wa.s extensively employed for manufacturing small moulded 
nrftclea used for electrical fitting.s, push-buttons, knobs, handles etc 
but this IS being substituted by asphalts and asphaltites owing to its 
scarcity and correspondingly high price. 

Such raijttures arc composed of three classes of materials, viz.: 

!,*! I'*''''® “P’'”'bs, asphaltites, or wurtzilite asphalt. 

fubber or resinous substances, including rosin (used alone or 
in a™™ll prm«^ (“""'^"nies added 

(.1) hillcre which may lie eomiKwcd of finely divided mineral matter such as 

Ipha e or terra .. barium sulphate or blane fixe, etc.; fibrous minemlmanel 

woId‘fib'lt’'"m«.rfilI!; m’''' 

c'ss'jzi'Ss:."”'-''»*'• ™ ■“ - 

They should te sufficiently hard to withstand deformation under prerre Td 
' Ana.l. ol th. Society to, the Adv.„c.meol „t loduetrW Scieooe, Berlin, 1891-8, 
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fuflc sufficiently high not to soften in the sun or any heat to which they may l)C 
subjected in use. 

Ihe asphalts and asphaltiles used should accordingly have a fusing-point not 
lower than 190* F., a penetration at 77® K. (Tost 9() of not exceeding 5, and a tensile 
strength of 77® F. of not loss than 10 ('I'est 11). The function of the resinous matter 
is to enable the bituminous constituents to melt up freely* and imjiart gloss to the 
finished product. 1'he pemdered mineral n.atter hardens and toughens -the mriss, 
increasing its tensile strength and ii.aking it less suKoptible to deformation under 
pressure. The fibrous mutter binds the mass together and enables it to stand 
sharp blows without fracturing. 

The constituents are conbined by melting together the bituminous and it'sinmw 
bodies, and then stirring in the powdered n ineral mutter with or without the 
fibres. Wlien the ii ixture is uniform and while still wnnn and ])lastic, it is moulded 
in a suitable die and itiaintuined under pressure while <‘(M)ling. Most comiKisitions 
of this character are naturally dark m <*olor, due to tlie bituminous matter presimt 
and they are often darkened still further liy adding a small proportion of black 
pigment, such as lamp-blaek or carlion-blnek. In other ruses, the mass may 1)0 
colored deep shades of rt‘d, brown or green by ineorjiorating an intense pigment of 
the corresponding color. Tight colored mixtures, how-ever, are not obtainable. 

Pn-‘formcd Joint* and WaHhera. A bituminous product has recently met with 
considerable success in glazing and skydight construction,' consisting of un usphaltio 
cushion enveloped in sheets of aslx'stos, 
in which the |)anes of glaKS an* mounted 
and securely bolted together, as shown in 
Fig. 150. 

A represents a steel Td)eain, protected 
with galvanizing or other rust-proofing. 

The condensation-gutter w composed of 
sheet steel joined to a w’aterproof asla'stos 
envelope by an asphaltic compo-silion (p. 

409). The a.sphaltic cushion and cap-filler 
B are encased in waterproofed asliestos, ami 
forced together in between the two sheets 
of glass, forming a pliable, resilient, water¬ 
tight but finn joint, which prevents the 
glass from licing subjected to injurious 
strains. The upper cushion is reinforced 
with a cap of asbestos-protected steel, and fastened with the bolt and nut. 

The cushions R and B are composed of a fluxed asphaltite or a blown petroleum 
asplialt of high fusing-point (in the neighlwrhood of 260® F.), low susceptibility 
factor (under 20) and alisence of brittleness (hardness at 77® F. less than 20 - 
Test 9c), mixed with 10-16 per cent of fibrous asbestos, which binds it together in 
a tough and non-breakable mass. These strips are further protected by l)eing joined 
to an enveloping sheet of asbestos felt, waterproofed with a vegetable drying oil 
or bituminous saturant, similar to that used in manufacturing prepared roofing 
(p. 391). 

Btiumtmtfd Cork Miiturei. In Europe, sheets have been prepared for insuUt- 



C'i»urle»> of Afl>e8U)t Pr«>U<'t(si Mt'Ul ('« 

Fifl. 160.—Preformc<l Washers for Sky¬ 
lights. 


1U. 8. Pits. 1,227,861 of May 29, 1917 and 1,243.020 of Oct. 16. 1917 to W. P. Waugb. 




454 ASPHALTS AND ALLIED SUBSTANCES 

ing reirigerator plants, ice-chests, cold brine and ammonia pipes,' composed of4S to 
SO ports by weight of finely powdered cork and 100 parts of bituminous binder. 

The composition is prepared in a steam-heated mixing machine similar to that 

described on p. 351 The binder may consist of asphalt, coal-tar pitch or an aque¬ 
ous emulsion of soft coal-tar pitch with collodia! day. The mixture is pressed into 
various forms, such as plates, slabs or bemi-cyUndrical sections suitable for covering 
piim. .it has a /specific gravity between 0.25 and 0.40 and forms a good insulator 
against heat and cold. 

Bituininutcd (X)rk coii'jxwitions are also used extensively in the United Stiitea 
under the name of ''shoe fillers” for filling the insoles of shoes, and comp(»ed of a 
mixture of coarsely ground cork, with wax tailing.s, residual asphalts, or an emulsion 
of asphalt with glutinous suUstunccs.^ 

The mixture is trowelled Ijetween the inner and outer soles of shoes while hot 
and plastic, and allowed to set by cooling. It serves to insulate the bottom of tl^ 
foot, and incidentally to rei)lace the more extensive leather. 

Bitumimled Leather Mixtures. Shredded leather waste tmd asphalt have also 
been eoinbineil in varioiw ways ® and pro|>osed for various purposes, as for example 
covering floors, but these have only found a limited use owing to the high price of 
leather. 

Briquette Binders. Coal-tar pitch is most generally u.sed for Ijriquetting coal- 
dust or coke-breeze. The coal or coke powder is mixed wilh approximately 6-8 per 
cent of coal-tar pitch. Two methods are in vogue, one in which the powder is 
mixed with a moderately soft pitch, added in the melted state, and the other, in 
which it w mixed cold with pulverize<l hard pitch. In oitlicr cai^, the briquettes 
arc formed at high compression under the influence of heat.* The soft coal-tar 
pitclies have a fusing-ixiint between 140 and 170^ F. (cube method) and the 
hard pitches between 200 and 225® F. (cube method).*^ 

Core Compounds. Coal-tar pitch is u.sed similarly as a binder for the siind cores 
in forming iron and steel castings. A powdered hard pit<‘h, fusing at 225-260® F. 
(i’uIm) method) is mixed with the stmd and then compressed under the influence 
of heat, to form the cores. 

Miscellaneous Bituminous Products. Bituminous Fuels. The non-aspbaltic 
pyrobitumens constitute the principal source of solid fuels for combmition on a 
grate. Liquid bituminous fuels are also used as “fuel oil,” including crude petro¬ 
leums, petroleum residues, by-product tars, and distillates of little commercial value 
produced in refining petroleum and tar. These are atomized under the l>oiIer with 
a steam jet. The tar distillates have a'so l>ecn successfully used in engines of the 
Diesel type in this (country and abroad. A detailed description of the technology 
of fuels do^ not, however, fall within the scope of this treatise. 

>11. 8. pftt 079..1I0 of De« 20. 1910 to W. C Kammerer. Gerrekn P»ta. 68.532 of 1891; 
122.803 of Hept. 29. 1900, 128.231 of 1902; Kohler A Graefe, Loc fil, p. 368 

* U. S Pats. 391,265 of Auf. 25, 1891 to 8 H Howland; 808,224 and 808,227 of Dec. 26, 1905 
to W. B. Arnold; 832,002 of Sapt. 25, 1906; 855,868 of June 4, 1007 ; 861,555 of July 30. 1907, 
945,204 of Jao. 4. 1910; 1,032,312 of July 9. 1012, 1,036.031 of Aug 27. 1912; 1.115,988 of Kov. 

3. tOU: 1,118,161 of Nov 24. 1914; 1,121,054 of Dec. 15, 1914; 1 121,688 of Dec. 22. 1914, 
1,131,689 of Dec. 22, 1914: 1.134.931 of Apr. 6. 1915; 1,137,679 of Apr. 27. 1015 and 1,227,602 
of May 22, 1917, all to Andrew Thoma; 1,258.272 of Mar .5, 1018 to H. S. Tirrell. 

*aer. PaU 203,871 of Sept. I, 1914 and 294,050 of Feb 13. 1016, both to W. Reiner. 

* Rudolf Terhaerat, J. Qaabel, M, 300, 1915. 

t‘*Bindart for Coal Briquettee,’* by J. E. MUIa, Bull. 24, Bureau of Mince, Waih., D. C. 1911, 
alio "Fu^-BriqufttiDg Inveetigatione, July. 1004 to July, 1013.” by C. L. Wright, Bull. 58, Bureau 
of Miftta, Waahi&fton, D. C.. 1018. 
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Tars and Oils for the Flotation of Ores. During the last few 
years, the flotation process has become an important factor in the 
concentration of certain minerals, including sulphides of coppc'r, lead, 
anc, silver, iron and other metals, also pim' gold, gold telluride, native 
silver and native copper. The best results arc obtained with sulphide 
ores. Oxide ores are not amenable to it unless they are first converted 
into the sulphide superficially, by a preliminary treatment with sodium 
sulphide. 

In carrying out the process, the on' is reduced to a fine powder, 
SO-mesh material being usually the limit of coarseness. This is then 
beaten into a froth or foam with water and a so-called “ flotation oil,” 
which causes the. heavier ore-mineral to rise to the surface, forming a 
pulp with the froth, and the lighter gangue-mincral to wttle out. The 
flotation process has accordingly been aptly termed “ concentration 
upside down.” The “ pulp ” when it becomes thomughly charged with 
ore is drawn off, and allowed to subside (|uietly, whereupon the " con¬ 
centrate ” will settle out and the “ flotation oil " decanted from the 
surface and used over again. The gangue upon being freed from the 
ore, is run to the dump, and the concentrate is smelted in the usual manner. 

The flotation oils may Ix! chissificd as “ frothers ” and “ collectors,” 
the former Ix'ing largely responsible for the fonnation of the froth, and 
the latter for holding the particles of ore in .sus|)cnsion. The “ frothers” 
or “ frothing oils ” include commercial pinc-<iil (obtained from a destruc¬ 
tive distillation of coniferous woods, p. I'.Mt), crude hardwood tar or 
“pyroligneous acid” or “ wmid oil” obtained in tbe destructive dis¬ 
tillation of maple, birch, Ix'ccb, etc. (p. tiiris'iitinc, various " essen¬ 
tial oils ” (p. :f7), coal-tar creo.sote, carlsilic or “ middle oil," (p. 24H), 
etc. The “ collectors ” or “ collecting oils ” include crude |X'troleuni, 
liquid residual oil (p. 2S:i), heavy mineral oil distillates (p. 2I1S), 
coke-oven tar (p. 2:i;i), water-gas tar (p. 2.')(i), etc. The frothing and 
collecting oils arc mixed together in pro|x)rtioi]s de|X‘nding uixni the 
character, composition and nature of tbe ore to Ix' treatral. For a very 
“ slimy ” ore consisting of fine particles, a larger amount of eollecting 
oil will be rcriuired, whereas for granular ores a higher proportion of 
frothing oil will te needed. A flotation oil extensively used consists 
of 95 per cent crude coal tar and 5 per cent of pine oil. Another mixture 
which is claimed to give good results contains: pine oil 10 per cent, coal- 
tar creosote 80 per cent, and coal tar 10 rxjr cent. Others have suggested 
the ase of: harfwood creosote 40 per tent, coal-tar cresote .50 per cent, 
and coal tar 10 per cent.' The quantity of flotation oil varies from a 

• R. K (iilinort' and C 8. Parwn*. J. .Hoc. ('hrm Ittd , IT, 07-A, 1011. 



456 


ASPHALTS AND ALIJED SUBSTANCf:S 


fraeiion of a per cent to 3i per cent by weight of the mineral treated. 

The hack U. S. patent on the flotation process calls for less than 1 per 
cent hy weight of oil The addition of such chemicals as caustic soda, 
and in some cases sulphuric acid or other agents, seems to increase'the 
c/ficiency of the flotation oil and to decrease the time of treatment. 

Thu frotiier systems may l)e classified into the mechanical, pneu¬ 
matic and vacuum. In the mechanical proee.ss air i.s heaten into the 
mass; in th(^ pneumatic method buhhies of compres.sed air or other 
gas ai'c blown into the mixture; in the vacuum system the water is 
first charged with gas at atmospheric pre.s.sure and bubbles released by 
subjecting the mi.xturc to reduced pressure. Mechanical froths are 
more permanent than those produced by pneumatic means, but the 
former elTect a cleaner separation of coarse mineral particles, whereas 
the latter are better adapted for slimes. Increasing the <|uantily of air- 
bubbles in the pulp, peumits \i.sing less “ flotation oil,” also a more 
viscous oil, derived for example from gas-works coal tar. 

In general, the fuHuwing considerations .sliould be carefully observed:' 

(1) The pulp .should 1m* nuide as thick ns possible. 

(2) The pro|M)rtion of frothing oil to collecting oil should be carefully worked 
otit. The more dilute the pulp or the liner the mineral particles the larger the 
protHirtion of frothing oil will be reqtiircd 

(:t) 'rite greater the aeration, the smaller the proportion of oil necessary. 

U'oo/l Presemilires. The method of pre.serving wood for structural 
and other purposes is similar ttt that ttlroady described for impregnating 
wotrden paving blocks. Coal-tar creosote is most largely iisetl, but zinc 
chloritle is often employeil, especially when the wood is to be subjected 
to moderately dry conditions. ITic method of impregnation is similar 
to that involving the use of creosote. 

Tn I9I.5. the total outiiut in the Pnited States from 102 plants included the 
following: 

Crosa-tiM for railroads. ST.OKri.riHr) pieres 

I’llfB. linear ft. 

Pole*. 125.939 pierea 

Paving block*. 2,930,370 *<1 yds 

Conatruction timber. 142,006,041 board ft. 

Croae-arma . 146,219 piece* 

Mi»c*Haneou* lumber . 1.3,937.609 board ft. 

Total equivalent to. 141.858.963 cu ft. 

1 “ Bibliography of Recent Literature of Flotation of Ore*," Bulletin 135. Bureau of Mines, 
Waabington, D. C, 1917; “Anewer* to Questions on the Flotation of Orw." by 0. C Ralston, 
Te«h. Paper 149, Bureau of Mines, Washington, D. C, 1917 
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TTie total preservatives consumed for the foregoing included: 

... R0.K,'»9.4^2 Kftl. 

Zmr rhiorxle . . ... SU.l'GD.IUM tiit 

Misrcllsticuus .. ctl. 

The foll<»\Mng pfMinds of crt'owjte are ordinarily used jier cubic foot of wood: 

Pilee 

Salt ..... t« i’4 Ilia 

Fn-sK »8tor . . . . 1. Ml " 

(irouiiit .... 8-12 ■’ 

KaiUav tioa A 12 " 

MiBielltttieoua tiiiihcr 8 l(i “ 

When /.me eldnndt* is iisetl. { J lb jht cubic- fool is injected into the wood. 
There is a tliffereiice of opinion |•ega^dlnn the rel.-itive eJbciencies of creosote iiiul 
zinc chloride, but llii- former i.x Ic-ss c\|s‘nsiv«% and also enables the \v<mkI to Ik* 
used when Mil»)ecfc‘d to moisliin> 

Waterproofing Compounds for Portland-cement Mortar and Con¬ 
crete. Tlic iiicIIkhI of inidipoiiiliii;. variiiiis siiljstamrs will) I’oi'tliUKi- 
cciiK'iit niorlar nr concicte in (lie enurse of (licir preparation is known 
iis the “ integral ’’ system, aeeonling to whieh the waterproofing 
ineiliuin is mixed ihrmtylmit tlie I’ortland-eeinent mortar or liiass eon- 
erete. This term does not inehide the application of paints or other 
coatings to tlie Kiirfnir of mortar or eonerete after it has set. 

Innnmeralile materials have heen ex|iloited for the integral wnler- 
prooling of I’ortland-eeinent mortar and eonerete inehiding:' 

(1) Inert fillers such .as finely divided clay, infu.sorial earth, fuller’s 
earth, .silica, tale, etc. 

(2) .\etive mineral tillers .siieh as hydrated lime, ahimininin hydrox¬ 
ide and other inorganic liydroxides, whieh undergo a ehemieal change 
during the setting of the cement. 

(.'i) Water-soluhle mineral salts, such as calcium chloride, sodium 
silicate, srolium Huorosilieate. 

(4) .Soap compounds including, (a) soluble soaps composed of sralium, 
|K)tas.sium and ammonium combinations of animal or v-getable oils and 
fats, also resins; (b) insoluble soaps composed of ealeiiim, magnesium, 
alurninimn, iron, zinc, lead and other metals eomhined with animal or 
vegetable fats and oils, or resins. 

(5) Bituminous materials. Wo are concerned with this last group 
only, as falling witliin the scope of this treatise. The bituminous mate- 

''‘T«sU of Dttnp-proofinc and Waterprooflne Compounds sod Matcnala," by R J Wi(t and 
P. H. Batef. Technoloaic Pap«r No 3, Bureau of«8Undar<Ia. Waah , I). C. Auk 22, 1911, "Klarirf^- 
lytic Corroaion of Iron in Snila," by Burton MrCiiItum and K H Loiun, Terhnoloctc Paper 
No. 25. Bureau of Standard#. Wash. I> C. June 12, 1913; "Modern Methods of Wat^prooflof,” 
bv M. H Lewis, toe nt. "Durability of Stucro and Plaster Conafruction," by R. J. Wig atid 
J. C. PearaoD, TerbooSogic Paper No. 70. Bureau of StaDdardi, Wash., D. C.. in- 3b 
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rials may be divided into two classes, namely, those used in the pure 
state, and those used in an emulsified form. 

Pure Bituminous Materials. Two classes of bituminous substances 
are included in this group, namely, liquid to semi-liquid coal-tar pitch 
(i.e., evaporated coal tar ‘) and liquid a.sphalt. The latter may consist 
of native asphalt,* residual oil,* semi-liquid sludge asphalt,'* etc. These 
are mixed with the aggregate after first wetting down the cement and 
sand in preparing Portland-cement mortar; or the cement, sand, gravel 
or broken stone in preparing concrete. Between 10 and 25 per cent 
of soft coal-tar pitch or asphalt aiv added, based on the weight of the 
dry cement used. As the pure bituminous compounds are naturally 
watcr-rcpclh'nt, it requires considerable mixing to distribute them 
uniformly throughout the mortar or concrete, and cs|iccially in large- 
sized batches. In this connection, the author wishes to lay particular 
emphasis on the fact that lalwatory tests should under no circumstances 
be taken as a criterion of the case or thoroughness with which bituminous 
substances may be disseminated throughout the mixture. At low temper¬ 
atures, both soft coal-tar pitch and liquid asphalt become almost solid, 
and under these circumstances it becomes doubly difficult to incorporate 
them. It has also been clearly shown that the introduction of rc.sidual 
oil alone materially decreases the tensile and compressive strength of 
mortar and concrete.'’ Assuming, however, that with sufficient effort 
the mixture can be made uniform, there is no question that the 
resultant mortar or concrete is improved materially in its water- 
repellent properties.*’ 

Bitumimms Materials in Emidsified Form. Bituminous emulsions 
tend to overcome the foregoing disadvantages, as they are readily 
miscible with the water used for gauging the sand, cement and crushed 
stone. Instead of depending upon mechanical means for incorporating 
the pure bituminous materials with the aggregate, such as the grinding 
action to which it may be subjected during the process of mixing, 
bituminous emulsions are first brought into suspension by stirring them 

*'*T« and Camant Pavamant." by n Grimahaw, Man Bng. 4S. 11, 1912. 

*Eq|. Pat, No. 30,091 ol Dac. 28. 1910. to J. Krumpatman. who trnata ao aaphaltic atiala eotn* 
poaad of liquid aaphalt carryioi calcium carbonate and clay with hydrochlorio acid to aopacatc tha 
{oroer, tnd tbea dnei th« resulting powder. 

•Swlw P»t 44.284 of Dw. 28. 1907, also Austrian Pat. 33.262 of Juns 10, 1908, both to Dr. 
Oottfrwd Sehruf; U. 6. Pat. 1.000.545 of Aug. 15. 1911 to L, W. Pag*. 

* U. 8. Pat. 1,077,689 of Nov. 4, 1913 to Carleton EHia, who describes the use of sludge aephalt 
Mtttratiied with lime and miied with fuller's earth or the like. 

»" Some Eipenmente with Mortars and Concrete with Asphaltic Oils,” by Arthur Taylor and 
Thomas Sanborn, Proe. Am. 8oe. Ctnt Bng., It, 355. 1913. 

• 'OibMised Portland Cement Concrete.” by L. W. Page. Bull No. 46. Office of Public Roads, 
Wash.. D, C,. Aug. 8. 1912; Bu«. No, 230, Office of PubUc Roadt. V. 8. Dept, of Agr.. Weehn 
D. C., July 14,1915. 
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into the gauging water, which then mixes readily with the aggregate, 
requiring little to no effort, even at low temperatures. 

The efficiency of the bituminous emulsion depends largely upon two 
factors, vis.: (1) the proportion of bituminous matter carried by the 
emulsion, and (2) whether or not its addition will interfere with the 
tensile or compressive strength of the cement mixture when set. 

Three claaees of emulsifying agenUi are in use, including plastic clay, a miitura 
of sodium silicate with barium peroxide, and inorganic hydroxides. These will be 
considered separately. 

(1) Plastic clay is used either for emulsifying coal tar or soft ooal'tar pitch,' 
also non-volatile liquid to semi-liquid asphalt, which may either be native or 
derived from petroleum.* Clay is first made into a paste with water, and then 
mixed with the asphalt either in the cold or heated state. Forty parts of dry clay 
will combine with 10 parts of the asphalt, requiring approximately .'lO parts of water 
to convert it into an emulsified state. The finished mixture will accordingly carry 
but 10 per cent by weight of the active waterproofing constituent, namely the 
asphalt, the chy merely acting as an inert filler. 

(2) Emulsions prepared from a cut-back coal-tar pitch of soft consistency com¬ 
bined with sodium carbonate, sodium silicate and banum peroxide.' These are 


formed in the following manner: 

Coal tar pitch .. 16.16% 

Cut-back with heavy coal-tar oils . 48 50% 

Mixed with calcined sodium cartioDate. 1 05% 

Water uddcd . 4 05% 

Sodium silicate (30* Baum*^). .. .. 27 50% 

Finally add to the mixture: barium peroxide. 1 85% 


Total.100 00% 


This mixture contains a large per cent of the active waterproofing constituent, 
but from the author’s experience sodium silicate has a decided tendency to delay 
the fuetting and reduce the strength of Portland-cement mixtures. 

(3) h^ulsions prepared by means of inorganic hydroxides capable of forming a 
plastic mixture with water.* a.s for example calcium, iron and aluminium hydroxides 
have given very successful results. Pesidual oils of definite characteristics, soft 
coal-tar pitches or evaporated coal tar may be used, and ground up into a paste 
with a " fat ” lime slaked with water. The finished paste is composed of: 

Aabydroui cslrium ozid* .. • 21 5% 

Bltuminoos CAtUf . . 38 8% 

W»Uf ... . *00% 

Total.. 100 0% 

iGer. Pit. 88,532 of July 1, 1891 to GrQnivoif sod Bortmaos: F. Risebis. Ckm. Bn. fiU> 
Hart-M., ST. 169. 1910. 

*Gw. Pat. 211,877 of Sept. 5, 1908, also Eof. Pat. No. 15,100 of July 18. 1908, both to Julies 
Katbs. 

> U. 8. Pat. 903 287 of Nov. 10. 1908 to B V D. Haidt, Ger. Pat. 103,783 of May S. 1899; 
also Gorman appUcaUoo 27,853, SO-b, of Apr 29. 1907 to Baca Wuoosr. 

1U- 8. Pat. 1.134,573 of Apr 6, 1915 to Herbert Abraham and H. W. Baioot 
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The emulflion contains a lari^ proportion of tf^c active bituminous constituent, 
mixes readily with the gauging water, and may \ye used in extraordinarily large 
proportions (20-30 per cent of the weight of cement used) without interfering with 
the set and at the same time increasing the tensile and compressive strengths of 
Port)aDd>cemeDt mixtures at least 5-15 per cent. This composition has been 
marketed extensively and gives excellent results in practice. The manufacturers 
recommend 2-12 IIni. of the paste per bag of Portland cement for preparing stucco 
and walerproof-mortar facings, and 1-2 lbs. for Portland-cement concrete. This 
represents the only bituminous waterproofing preparation known to the author 
which can be used under all conditions, insuring a uniform distril)Ution throughout 
the Portland-cement mixture regardless of the temperature or the means used for 
preparing the mixture. At the same time it may l)e a<lded in sufTicienl quantities 
to secure absolute waterproof properties without detracting fiom the strength of 
the structure. 

Melhodn of Use. The integral method differs from the membrane 
method in that it may te used for waterproofing l)iiilding.s in the course 
of erection, as well as for repairing the inner surfaces of leaky masonry 
already constructed. The membrane method on the other hand can 
only be used on structures in tlie course of erection, since it must 
necessarily be applied on the outer surfaces of foundation walls, to be 
subsequently covered by the earth fill. Similarly, the integral water¬ 
proofing may be readily repaired should by any chance leakage occur 
later due to settlement or other external causes, whereas it is extremely 
difficult, and in many eases impossible to repair membrane «ater- 
prewfing, owing to its inacces.sibilitv. 

Integral waterproofing (uim|X)uiids arc best adapted for use in a 
relatively thin layer or “ facing ” of Portland cement mortar, and are 
much more reliable when used in this manner than when incorporated 
throughout the body of Portland cement eonercte, for the reason that 
it is a comparatively simple matter to apply a layer or facing without 
danger of leakage at the joinings, wliieh is not tlie ease with mass con¬ 
crete construction. 

In applying cement-mortar facings waterproofed witli integral com(K)und.‘i, it is 
important to secure a firm Ixind with the underlying ma-sonry. The old surface 
should accordingly he firm, rough, clean and wet. If the old surface is too smooth, 
it should !« roughened by chipping; it may [« cleaned by scrubbing with stiff 
brushes, supplemented, if ucceasary, by wa.shing ivith muriatic acid; and it should 
1)0 thoroughly wet down with a hose until it has taken up ns much water as possible. 
The waterpniof facing should lie trowTlIed on with pressure in two or more coats. 
If possible, these coats should be made continuous and applied without interruption 
to avoid joints. If this is not feasible, the day's work should lie finished with a 
bevelled edge which should be roughened or chipped to .secure a liond or “ key ’’ 
whore the connection is made on the following day. The first coat should be 
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'‘scratched" before hitnipiiiDg, and the ^‘cond coat applied just after the' first 
one reaches iU final The last coat should l)e trowelled hard and floated. 

Stucco should Iw J 3 in. thick, trowelled in two coats. W’atcrproof-inorlar 
facings used on waterproofing l)olow grade, tanks and swimming ptKils should be 
applied to the walls in a layer 2 m. thick, in two coats, and to the floors in a 
layer 1 in. thick in one coat. A 1:3 mortar .should be used on all cx|K).sed work 
and a I; *J mortar on all work protected from the direct action of the weather. 
The facing should 1)6 sprinkled with water until it iuis set hard. Creat care should 
be taken to prevent it from drying out prematurely Interior angles where two 
walls or where the wails and floor meet, should finished with a rounded surface. 
By proper manipulation, waterproof facings may be applied to old leaky masonry 
surfaces against existing water pressure, which cannot be effectively waterproofed 
by any other means at present known. 

Bituminous emulsions give l)ettcr results than any other integral waterproofing 
ctaniKUinds. Saponifiable oils or fats and sonpa (both soluble and insoluble) weaken 
the cimient mortar or concrete, and are not nearly lus ()onniincnt on ox|> 08 ure to 
the weather, or capable of coiitmuoiwly resisting the action c»f moisture. 



CHAPTER XXVII 

BITUMIHOUS PAINTS, CEMENTS, VARNISHES, ENAMELS AND 
JAPANS 

Thjs chapter will embrace mixtures of bituminous materials with 
volatile solvents, ranging from pastes to liquids. Bituminous cements 
are manufactured in paste form, whereas bituminous paints, varnishes, 
enamels and japans arc prepared in the liquid state, their respective 
consistencies being regulated by the amount of volatile solvent in¬ 
corporated. 


BITUMINOUS PAINTS 

Bituminous paints are composed of a bituminous base, a volatile 
solvent, with or without the addition of vegetable drying oils, resins, 
mineral fillers and pigments, and are intended to dry or set by the spon¬ 
taneous evaporation of the solvent. If any vegetable drying oil is 
present it will contribute little, if at all, to the drying of the paint, 
although it will undoubtedly exert a “ toughening ” effect on the coat¬ 
ing, which will become more pronounced in time. These paints are 
known generally as “solvent paints.” The distinguishing character¬ 
istic between a bituminous paint and a bituminous varnish is that the 
former will set to a firm coat upon the evaporation of the solvent, 
whereas the hardening of the latter is contributed largely by the oxida¬ 
tion of the vegetable drying oil, which is present in the base in substantial 
proportions. 

Nature of the Base Used. Bituminous paints may be divided into four groups, 
depending upon the composition of the solid ingredients present in the base, viz.: 

Group I. Bases containing a bituminous substance, with or without a mineral 
Slier. The bituminous suKstances may include: native asphalts, asphaltites, 
asphaltic petroleums, residual oil, blown petroleum asphalt, residual asphalt, sludge 
asphalt, wurtzilite asphalt, wax tailings, mineral waxes, tais, wood-tar pitch, rosin 
pitch, peat- and lignite-tar pitches, water-gas-tar pitch, oil-gas-tar pitch, coal-tar 
pitch, fatty-acid pitch and bone-tar pitch. 

Group 2. Bases containing in addition to bituminous substances, a resin (rosin, 
rosin estera, damar or sandarac); with or without a mineral filler; with or without a 
colored pigment. 
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Group 3. BHaes conbiining in addition to bituminoua autistnnmi, uiinud or 
vegetable oils or fata; with or without a mineral filler; with or without a colored 
pigment. The animal or vegetable oila or fata may include: linaeed oil, china-wood 
oil, aoya-bean oil, fish oil, cotton-eeed oil, com oil, perilla oil, lard oil, mutton fat, 
stearic acid, oleic acid, etc. The oila may be used either in the raw stale or com¬ 
bined' with " dryere'' (aee p. 475), or they may be “ bodied " by heating to a hi(^i 
temperature, until they thicken by polymerisation. 

Group 4. Bases containing in addition to bituminous substanees, resins in com¬ 
bination with animal or vegetable oils or fats; with or without a mineral filler; 
with or without a colored pigment. The “ resins ” may include: common rosin, 
rosin esters, the daman (including Borneo damar), sandarac. Kauri copal, Congo 
copal, pontianak copal and Manila copal. 

The following ingredients are rarely included, vis.: rubber, wool grease, rosin 
oil, insoluble metal soaiw, etc. 

Among the resins: rosin, rosin csten, the daman and sandarac will readily com¬ 
bine with the bituminous constituents, either by dissolving all of them directly 
in the cold solvent, or by first fluxing them together with heat, and cutting them 
in the solvent afterwards. Fossil resins (copals) will not amalgamate directly with 
the bituminous constituents. Iliey must be melted at a high temperature, and 
firet combined with the animal or vegetable oil, whereupon the resulting oleo- 
reeinous varnish will flux with the bituminous constituents, either in the cold, or 
upon melting them togethe,. A description of the process for manufacturing oleo- 
resinous varnishes does not fall within the scope of this treatise. 

Since the addition of “vegetable or animal oils or fats ” improves the weather- 
resistance of bituminous substances, they should accordingly be added wherever 
possible in the role of "flux." The harder the bituminous sulistance in its raw 
state, and the higher its fusing-point, the larger can be the percentage of the 
animal or vegetable oils or fats incorporated. Rosin, the daman, sandarac or 
rubber, do not add to the weather-resistance of the bituminous materials, as 
these are of themselves deficient in this respect. They will either serve to lighten 
the color of bituminous materials when combined with colored pigments, or in other 
cases to bring almut a more perfect union of the constituents, but in either event 
they should be confined to indoor use. On the other hand, fossil resins are highly 
weather-resistant, being equivalent to the asphallitcs in this respect. They may 
accordingly be emlxxlied in bituminous paints intended for outdoor use. Paints 
containing fossil resins may be made to carry a large percentage of anininl or 
vegetable oils or fats, and will accordingly produce brighter colors with pigments, 
than when oils or fata are used alone. 

The foregoing products may be blended together so the base will be soft, medium 
or hard, with a proportionate range in fusing-point. A base which is naturally soft, 
may be hardened by adding a suitable quantity of mineral filler or pigment. Where 
the base is allowed to remain soft, the paint will be limited in usefulness, and 
adapted only to the painting of pormt surfaces such as masonry or dried-out com¬ 
position roofings, which will give it an opportunity of soaking into the pores, and 
thus mask the soft properties of the coating. 

Ifsture of the Fillers and Pigments Used. All sorts of mineral fillers (p. 39.3)' 
have been suggested in connection with bituminous paints, for use either alone or in 
combination with colored pigments. Their function is to harden the base or to 
cheapen the paint. The fillers should be powdered very finely (so they will pass g 
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200-me8h sieve), otherwise they will tend to settle out. The more finely they are 
powdered and the lower their specific gravity, the looser will they remain in sas> 
pension. 

The colored pigments include the metal oxides (red oxide of iron, yellow ochre, 
chromium oxide, etc ), chrome yellow, chrome green (composed of chrome yellow 
mixed with Prussian blue), graphite, etc. Where the color of the finished paint 
plays an important factor, intense pigments should be employed, as these will be 
required to overcome the dark color of the base. Whites are rarely employed, 
but will produce shades of buff and tan. Should free acids be present in the binder, 
08 would be the case if fatty>acid pitch, bone>tar pitch, rosin or rosin pitch were 
used, the range of pigments is narrowed down to certain metal oxides. Pigments 
such as chrome green, chrome yellow, zinc oxide, etc., will combine with the free 
acids and form insoluble compounds, causing the paint to solidify, otherwi.Ho 
termed “ gelatinizing or “ livering." 

Nature of the Solvents Used. The solvents ordinarily used for manufacturing 
bituminous paints may be divided into four groups, viz.: 

(1) petroleum products, including gasolene, naphtha (benzine) and kerosene are 
most largely used. Among the naphthas there is a scries of products boiling within 
a small temperature range, termed “ close-cut distillates,” and sold as turpentine 
substitutes. The gasolenes have the lowest flash- and Iwiling-points and the poorest 
solvent power, whereas the kerosenes have a higher flash- and !)oiling-point and a 
correspondingly greater solvent action, the naphthas falling in between the two. 
The petroleum solvents and their characteristics are included in the following 
table: 


SolvflQt. 

UiatitlatioB Range. 

.''pceific 
(Jravity at 

5° C 

Flaali-iioint 
® 1' (Ahct- 
IViiaky 
Closed 
Tealer) 

Qa$olfnea. 

Cytnoiceiie, rhijtolcne, etr. 

Approximately 00*'^ at 70* C 

0 ftOO 0 650 

About -70 

Canadol 

At>prc)ximatelv OO'Tf. at K.'>* (' 

0 C25-0 675 

About-40 

Petrole^uin apirita . 

Approximately 00% at 100® C 

0 050-0 725 

About -30 

Naphthai 




I.ilht bcn»me R6 y 

Api>roxnnately 00% at 125* C 

0 700-0 730 

-15to + 10 

V. M. and P naphtha B6.). 

Approximately 90% at 150® C 

0 725-0 760 

-5to+30 

Turps, eubatitute (.5ft .51® ) 

Approximately 00% at 175® C 

0 75.5 0 775 

1 80 105 

r 

Turps aubatitute (.02- 48* B4 ) . 

Approximately 00% at 225® C 

6 720-0 790 

Xeroaenm: 

1 



lUuminating oil (51-35* D4.). 

Approximately 00% at 300® C 

0 775-0 850 

100-120 

Oiu or fuel oxh' 




Commercial grades . 

Approximately 90% at 400* C 

0 825-0 900 1 

1 

150-225 


(2) Coal tar distillates, including benzol, toluol, sfdvcnt naphtha and heavy 
naphtha. These evaporate in the orders mentioned, their properties being set forth 
ia the following table 


‘ Barrett Company, with additiona, 
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Sjw’efie 

Klash-polnt ‘F. 

Srtlvptll 

Color 

Dialillation Itange 

(iraMtv at 

(Abel.penaky 




15 .IT. 1 

Cioaisl Tester). 

Pun beniol* 

Water while 

1011%. within 2® C. 

S75 to ss.; 

-10 

100% bwixol , 

Water whnei 

1 

t tpproxiinately amt at least 1 

1 100 *, at too* C ( 

s75to SS,') 

-« 

IKI'o bento] 1 

1 

Water while 

1 Approximately and at least | 

1 SW, at 100® C i 

1 Approximately anil at least ] 

S70to «;i2 

-ft 

50% b«DIOl . 

i 

Water while; 

1 50';atl(K»“C 1 

1 Approxiiiialelv and at least I 

S(iS to ssj 

1 

+23 


Straw 1 

i 90''; at 120® (’ 1 



Straw-colored betitol 


\t leaal so% at 1(X)® C 

StLMo fiH2. 

! About 30 

I’lire toluol 

Water while' 

lot)'.;, within 2® C 

1 Not oier 5%, at KXI* C j 

s (\4 to H7-t 

1 

+7 

('oninieri lal toluol 

W aler white 

\pproxiiuAtely and at least 

MU (o .K74; 

jAbout 15 



1 Wl%all20®C ] 



Straw-rohired toluol 

iStraw 

At least NO'’; at 120® C. 

M..' to S72 

■AImiuI 17 

Pure xylol 

Water while* 

i 

!«P-: between irCand UA'C 

1 Nf»t OAer .V; at no® C l 

t SI4I to H7(» 

i 

About H5 

Snliciit iiaplitlia 

. Water wliitei 

' Vpproxiniuteiv and at leiiat | 

1 Sl»2 to K72 

About 78 



[ Wl%, at lixj* C ) 



(VihIc aoliprit iiapittlin Diirk 

At least H0‘; at IrtO* C 

1 MV.* to KH-J 

About 7H 

IliKli-llatli tiaplithu 

Watei while; 

H«l‘bet w-ceii 1 :x>®Hiid 200®C 

j S70 to KWI 

Not below 100 

(’rude lu'a\ \ solvoul 
iittphtlia i 

1 

tiidicr lored 

1 Not oier 10'; at li>0® C | 

’ At least at 2lX)® C i 

1 'MO to II,St,' 

Not below Ol) 

Heavy naphtha 

iDeep aiiibei 
|to dark reil 

) Not o\er 10'; at IM)® (' \ 

1 AlK>iit 70‘’; at 2tK)® C I 

! 025 to ll.M) 

>About 100 

i 


* I’ure hi-itiol •hotild cr>«Ulluc b( api>ruxitnatrly (' 


(3) Solvon(« ilenvod from w(kmI, including pure spirits of turfX'ntino, wood tur- 
pontmo, iwin spirits, lijjht wocwl oil, woixl croosoto oil, pine oil, ncotoiio oil, etc. 
(.st*c p. ItX)) 'I'licir profXTtios ;iro shown in tin* followinn tiihle: 


HoKent. 

Distillation Range D< g C 

StM-eifi<' 
Gravity at 

15 5® G. 

Flaxh-piiint 
® 1'’. (Alu'l- 
iViisky 
Clowd 
Teater). 

From hariiuooiU: 




Light aectone oil 

7.5-100 

0 K25-0 8.30 

Relow 20 

Heavy aectone oil ... 

100 215 

0 HK3-0 887 

Relow 50 

Light v(>o<l oil 

90%, below KiO 

0 800-0 (MX) 

Relow 50 

Heavy wood (creosote) oil 

90% lielow 400 

0 030-0.980 

Alwve IQO 

From toft (restnoiti) \coodt: 




Gum turpentine. 

Steam-distilled wood turpentine 

95%> lielow 170 1 

C0% below 170 1 

0 800 0 870 ' 

105-108 

Destruetively distilleil wood turpentine 

90%. below 190 

0 Rsa o 870 

Relow 25 

Pine oil .. . 

19(V-240 

0 025-0 050 

130-170 

Rosin apirita. 

8(k200 

0 900 0 940 

Relow 50 

Rosin oil. 

225-400 

0 940 0 990. 

22(^280 
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( 4 ) Manufiotured chemical), including carbon diaulphide, carbon tetrachloride, 
di-chlor methane, etc, Theee evaporate very readily, the carbon disulphide being 
highly inflammable and the vapors explosive. Carbon tetrachloride and di-chlor 
methane similarly evaporate rapidly, but form non-explosive and non-inflammable 
solvents,' and may be used to raise the flash-point of other solvents susceptible to 
ready ignition alone.’ 

The_ properties of the chemical solvents adapted for use with bituminous sub¬ 
stances are included in the following table: 


Solvent. 

Distillation Range Deg. C. 

i 

1 

Specific 
Gravity at 
15.5® C. . 

Flash-point 
® F (Abel- 
Pensky 
Cloeod 
Tester). 

Carbon diaulphida. 

46-47 1 

1 265-1 272 1 

-48 

Acetona—C. P 

56-57 1 

0 790-0 800 1 

1 . . , 

Acetone -comniarrial . 

56-00 1 

0 845- 0 850 

) +14 

Amyl acetate . 

About 140 , 

0 876 

72 

Aniline 

180-183 1 

1 027 

170 

Nitrobaniol. 

208-215 1 

I 187 

194 

Di'Chlor methane (methylene chloride) 

40-41 

1 377 


Chloroform 

60-62 

1 485-1 .500 


Carbon tetrachloride . 

75-77 ! 

i 

1 580-1 600 

None 


Note.—Grain alcohol, wood alcohol, etc., cannot lie used for bituminous mate¬ 
rials, as they are deficient in solvent properties. Other solvents, including ether, 
chloroform, etc., possess good properties, but are not generally used on account 
of their high price. 

The following table' shows the comparative evaporation times of certain com- 


C*rbon duuiphid* 
Cftrbon tetracblorid* 
Pure beoiol . .. 
1U0% beosol . 

90% beniol 
Straw-colored beniol 
50% beniol 
Pure toluol 
Commercial toluol 
Straw-colored toluol. 
Xylol . . 

Solvent naphtha ... 


surface 31 

in. square: 


3) min. 

Crude solvent naphtha. 

121 nun. 

41 •• 

High-flash naphtha 

205 

10 *• 

Crude heavy solvent naphths . 

290 •• 

131 •• 

Heavy naphtha 

303 •• 

14 •• 

Turpentine 

142 •• 

18 •• 

Wood turpentine 

480 

23 •* 

80® gasolene 

4 “ 

20 

70® gasolene 

8 *■ 

33 " 

66® bentine . 

16 •* 

36 •• 

62® bentine 

18 *' 

89 

Petroleum turps substitute (42®) 

346 *• 

107 •• 

Kerosene 

475 “ 


The proportion of solvent used, depends upon three factors: (1) the nature of 
the bituminous base, (2) the “ capacity ” of the solvent, and (3) the consistency of the 
paint desired. 

In general, the higher the susceptibility of the base, the lower will be the viscosity 
of the resulting paint. Upon running parallel testa, with the same percentage by 

* U. 8. Pat. 835,113 of Nov. S, 1906, to 8. 0. Pennay. 

* ‘■Fl*sh. Fire and Bxploaion Teat* on Mixturaa of Carbon TatraeUorida and Naphtha/* by 
E. A. Barnar, /our. InH. gng. Chem., I, 16, 1910. 

* Barratt Co. with addition#. 
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in all caaes of the respective solvents, it will he found that residual aaphalt» 
sludge asphalt, wood-tar pitch, water-gas-tar pitch, oil-gas-tar pitch and the coal- 
tar pitches will form paints of lower viscosity than paints prepared from fluxed 
asphaltites, blown petroleum asphalt, wurtsilite asphalt and the non-susceptihle 
fatty-acid pitches. With bituminoiu materials having a high susceptibility factor, 
the fusing-point of the base exerts comparatively little influence on the viscosity 
of the completed paint. Bases that are hard, and at the same time possosa " tough 
and rubber-like '* properties (i.e. a low susceptibility factor, considerable elasticity^ 
resilience and tenacity) when used atone, are apt to gelatinize after they have l)ecn 
dissolved in the volatile solvent. In other words, although the paint when first 
made up may appear liquid, it will after a time l)eromc transformed into a jelly- 
like mass. This is particularly apt to occur with haid an<l "nibliory" fatty-acid 
pitches, wurtzilite asphalt and gilsonitc. The specific gravity of the Itasc has also 
a bearing on the paint’s comsisiency. Since it is customary to measure the base 
and solvent by uetght, it follows that the higher the s|>ecific gravity of the l^aae, 
the smaller will i)C its volume for a given weight. Hence a Itaso of high gravity 
will form a paint of lower vistosity than an equal weight of a low gravity Imst*, lait 
siilwtantinlly the same in other respecta. 

The “ capacity " of the solvent also has an important licaring U|>on the viscosity 
of the paint. The greater the solvent action of the mcnstnnitn, the smaller {)cr- 
centage by weight will be required to produce a paint of a given vtscosily. In 
general, aromatic hydrocarbons are superior in solvent action t«» aliphatic hydro- 
earlions. Coal-tar jHoducts and those derived from wo(k 1 distillation constitute 
l«tter solvents than potrulcum pnxlucts. Similarly, distillates from aroiiiiitic |x>tro* 
leum are relatively lietler solvents than those pnalm-ed from strictly aliphatic 
|)Cfrolcum. In all cases the higher the molecular weight of the hydrocarUins, the 
lietter will lie the solvent action. Denvalives such as carbon disulphide, corlxin 
tetrachloride, chloroform, di-ch!or methane, ether, etc., are generally lietfer solvents 
than the corresponding pure hydrocarlsins from which they originaU'd. For the 
reason previously explained, the specific gravity of the solvent has a Waring on the 
oonswlency of the paint, from the standpoint of percentage expressed by weight. 

'ilie weight of solvent in commercial bituminous paints ranges from 20 to 80 
per cent. The smaller percentages arc used in heavy-l)odicd paints intended for 
coating masonry, for scaling the joints of composition roofing, and for application 
to porous surfaces. Light-bodied paints containing the iar^r percentages of solvent 
arc used where it is dcsir^ to secure great |)enetration, rapid drying properties, 
cr where the paint is used for " dipping " purposes. 

Mineral waxes alone are difficultly soluble in most solvents (see p. 810). Asphalt¬ 
ites and asphalts dissolve in the following solvents, approximately in the order 
mentioned, viz.: carbon disulphide, carWn tetrachloride, distillates from coal tar, 
resinous woods and petroleums. Comparing products of the same fusing-point, 
we find that blown petroleum asphalts are most soluble, then come native asphalts, 
siud^ asphalt, wurtzilite asphalt, and lastly the residual asphalts. 

Tar pitches produced from the destructive distillation of bones, wood, peat, 
lignite and coal are more difficultly soluble than asphaltic materials and pitches 
not derived from tars (e g., n^in pitch and fatty-acid pitch). Tar pitches dissolve 
most readily in the following solvents, approximately in the order mentioned, vis., 
carix>n disulphide, coal-tar distillates and distillates from resinous woods. Of the 
pitches: rosin pitch, fatty-acid pitch, bone-tar pitch, pcat^ and lignite-tar pitches 
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are relatively the most soluble, and oil-gas-tar pitch, water-gas-tar pitch, wood-tar 
pitch and coal-tar pitch are least soluble, ranging approximately in the sequence 
stated. The solubility of bituminous substances may be increased by fluxing with 
such materials as rosin, animal and vegetable oils or fats, wax tailings, fatty-acid 
pitch, and in some cases residual oil derived from aromatic petroleums. 

Methods of Manufacture. When all the ingredients of the base fuse 
at comparatively low temperatures, the simplest method consists in 
stirring them with the solvent in a closed steam-jacketed tank pro¬ 
vided with an agitator. The temperature should be raised close to the 
lx)iling-point of the solvent, and the stirring continued until the 
solution is complete. When some of the materials melt at high tem¬ 
peratures it is advisable to flux them with the remaining ingredients 
of the base by direct fire, either in a small tank mounted on wheels, 
known as a “varnish kettle,” heated by coke burning in a pit, on 
grate bars sunken 8 to 12 in. below the floor level (Fig. 151), or in a 



large stationary hcmi-cylindrical melting tank (p. (>!)). When the 
melting is effected in a varnish kettle, after the ingredients have l)een 
fluxed together, it is withdrawn a .safe distance from the fire, cooled to 
slightly under the boiling-point of the solvent, which is then gradually 
introduced, small quantities at a time, stirring continuously with a 
paddle. When the base has been melted in a stationary hemi-cylindri- 
cal kettle, it is run by gravity or pumped into a closed cylindrical tank 
equipped with a stirring device, and after cooling sufficiently, the solvent 
is run in slowly, with continuous stirring until the solution is complete. 
The second method is used for preparing large quantities of paint 
in one charge. 

Sometimes the bituminous paint is mixed cold in various propor¬ 
tions with oleo-resinous varnishes manufactured in the usual manner, 
either to increase its weather-resistance or for purpose of lightening 
its color, when colored pigments are to be incorporated. Pigments and 
fillers may be mixed with the paint by simply stirring them together 
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in a tank provided with an agitator, or by grinding the mineral In¬ 
gredients and sufficient paint to form a paste in an enclosed buhr-stonc 
mill, as illustrated in Fig. 152, and then thinning the paste to brushing 
consistency with an additional quantity of bituminous paint, or in 
certain cases with a volatile solvent. 

Fillers or pigments ground in accord¬ 
ance with the latter procedure ate 
less apt to settle on standing, than if 
simply stirred into the paint. It 
should 1)C noted, however, that even 
under the l)cst conditions, Silers and 
pigments arc more apt to settle from 
bituminous solvent paints than from 
oil paints. This is probably due to 
the better buoying and lubricating 
properties of the oil on the mineral 
particles. 

Types of Bituminous Paints. Ma¬ 
sonry l‘aints. These arc used for Courtwy ot Kent Meehlne Worke 

painting brick, stone, or concrete Fio. 1.52 - Puint-griiKling Mill, 
surfaces, usually alx)vc ground, to 

prevent the inroads of dampness or moisture. Masonry paints often 
termed “ damp-proofing paints,” arc divided into two classes, vis., 
elear and black. 

Clear damp-proofing paints arc used for painting the outside of 
exposed walls, and arc generally made up from a base composed largely 
of paraffine wax in combination with resinous, oily or fatty constituents. 
Paraffine wax alone is only slightly stiluble in most solvents, and has 
the disadvantage of crystallizing out at low temperatures. The a<ldi- 
tion of resins, vegetable or animal oils and fats will prevent this to a 
certain extent, and also maintain the nccc&sary light color. 'These 
paints are intended to penetrate the pores of the masonry, and are 
therefore made thin in body, containing a large proportion of solvent 
(GO to 80 per cent by weight). The base is usually prepared of a low 
fusing-point to augment its solubility; and petroleum distillates, with 
or without the addition of wood distillates are generally used as solvents. 
Clear damp-proofing paints spread from 2.50 to 500 sq.ft, per gallon, 
depending upon the porosity of the underlying surface. 

Black damp-proofing paints are made from asphaltic mixtures, 
vater-gas-tar pitch, oil-gas-tar pitch and the various coal-tar pitches, 
ised either alone or in combination with animal or vegetable fats or 
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oils. The base is prepared of a fairly low fusing-point (140 to 160“ F. 
by the K. and S. method) and “ cut ” to a heavy body. Asphaltic bases 
are dissolved in 40 to 60 per cent of petroleum distillate, figured on the 
total weight; and bases derived from tars dissolved in 30 to 45 per 
cent of coal-tar distillate. This class of paints is used for coating the 
intide of exposed masonry walls, and may be plastered upon directly, 
thus dispensing with the furring and lathing. The best practice con¬ 
sists in applying two coats of the damp-proofing paint to the inside of 
the wall, allowing each to dry about twenty-four hours. The plaster 
may then be trowelled directly on the paint, with which it forms a 
good bond. Black damp-proofing paints containing saponifiable mate¬ 
rials such as vegetable or animal oils and fats, or resins, bond better with 
the plaster than those mode exclusively of asphaltic or coal-tar mix¬ 
tures, in which latter case the bond tends to weaken when the paint 
ages. The paint should spread between 50 and 60 sq.ft, per gallon 
for the first coat, or 70 and 80 sq.ft, for the second, depending upon 
the character of the surface to which it is applied. 

Paints for Recoaling Prepared Roofings. These fall into two groups, 
namely those intended to repaint prepared roofings composed of as¬ 
phaltic and coal-tar products respectively. For the former, asphaltic 
paints are used, and for the latter, paints prepared from pitches, and 
generally coal-tar pitch. For the cheapest paints, straight-distilled coal 
tar or crude asphalt-bearing petroleum are used. These form coatings 
of a nonde.script character, due to their variable composition, and they 
also evaporate and harden slowly. 

Higher grade paints of this class are prepared from substantially 
the same compositions used for the coatings of prepared roofings (p. 392), 
but of a slightly softer consistency and lower fusing-point (140 to 160, 
K. and S. methorl). These are dissolved in approximately an equal 
weight of solvent. When used a.s lap-cement, a smaller proiwrtion of 
solvent is incorporated, and the paint is accordingly made heavier in 
body. Asphaltic paints should not be used on roofs containing coal-tar 
products, or vice versa. 

In alt coses, it is important that the base should be plasHc, and hare the same 
physical characteristics as the bituminous rooting to which it is applied. Paints 
containing a preponderance of " vegetable drying oils ” such as linseed, china- 
wood, etc., fail to answer satisfactorily on bituminized roofings, for the following 
leasons: 

(1) Vegetable drying oils oxidise to an elastic substance known as "linoxyn," 
entirely devoid of plasticity, with the lesult that such coatings soon crack, check 
(“alligator ”), and in certain cases peel off the roofing, when exposed to the weather. 

(2) Because the dark-colored bituminous constituents have the property of dif- 
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fusing or drawing through a coating of dried or oxidised vegetable oil» upon being 
8ul)jecte<l to the sun’s hcat» thereby causing the paint to assume a badly disooiored 
or mottled ap|)carancc. 

Bituminous mutenaU interfere with the oxidation of vegetable drying oils, and if 
an excess of the former is present in the base, the entire composition will assume a 
“ plastic ” consistency, and the drying of the oil will lx* retarded. On the other 
hand, the vegetable drying oil is m excess, it will oxidise in spite of the jntumh 
nous matters. The following tibl.> shows the rebition between the consistometer 
hardness at 77® F. (Test 9c), and the percentage of commercial Ixiiled linsetHl oil 
in admixture with gilsonite. 
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riiHiiiiahlr for oostiiia prcpartvl roofings. 


Many uiisucces.sful attempts have l)e<*n maile to adapt linsecd-oiI-piginent>paintt 
for coating prcpanal roofings, as for example, by first applying a priming coat of 
sodium silicate and nwm,' surfacing the r(a)fing with fine sand,* etc. 

To succc.s.'^fully paint prepared roofings in colors, a weather-proof plastic bitumi¬ 
nous binder must l»e .selected, having a light lirown color in a thin layer (I-ii mils 
thick) when viewed by transmitted light on ghu«: otherwise yielding a brown streak 
on iwrcelain (Test fi). (hisonite and eiTtaiii forms of fatty-acid pitch ((Iroup 1); 
mixtures of these with certain resms (droop 2); rnixtimsi of these* with a small 
pro|K)rtion of vegetable oils or fats ((Jroup or mixtures containing both resins 
and vegetable drying oils (droop D. will answer satisfactorily for this piir|K)se, 
since they may lx* mixed with pigments without obliterating their color, oh would 
Is* the case if dark-colored bituminous mixtures yielding a black streak wen? used.’ 
'fhe base is diRsolved in the volatile solvent and finally the colored pigment or 
mixture of pigments gnuind in The ratio of pigment will vary from half to the 
same weight as the base, de|>cnding u}K>n tlie intensity of the pigment, the opacity 
of the base, and the color of the paint d(?sired. The percentage of volatile solvent 
must l)e incre 4 i 8 ed slightly when pigineiitn an? use<l, due to the fact that these con- 
tnbute to the body of the paint. A typical mixture will contain ;J0 per cent bane, 
20 per cent pigment, and 50 |)er eent volatile solvent. 

•Gcr Pal 219.181, of 1907 to H Engelhawlt 

* U. 8. Pali 291,600 of Jan 8. 1884 to Joaiab Jowitt. 386,057 of June 26, 1888 to Alexaftder 
Jonee. 791..312 of May 30. 1905 to C 8. Bird. 

»U. 8. Pat. 824,898 of July 3, 1906 to Herbert Abraham. 
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Bituminous Paints for Metal or Wood. All sorts of bituminous 
paint mixtures have been recommended for painting metal and wooden 
surfaces.^ 

Uituniinous paints give better results out-oMoors on metal than on wooden 
surfaces, although most manufacturers rccorrmend them indiscriminately for both 
types of construction. However, it should be noted that any resinous constituents 
in the wood will act deleteriously on the paint after a tune, due to their solvent 
action on the bituminous constituents present. Bituminous varnishes and enamels 
may safely lie recommended under these conditions, since the excess of drying oil 
on oxidation becomes immune to the resinous constituents. If manufactured 
according to correct principles, bituminous paints will give fair service on exposed 
metal work, including metal roofs, corrugated iron, farm implements, etc., and 
although inferior in weather-resistance to bituminous varnishes and enamels, they 
are at the same time considerably less expensive. Bituminous jiaints have been 
used successfully for resisting the corrosive action of achis, alkidme solutions, 
cyanide liiiuors, etc. They are, in fact, more resistant to these chemicals than any 
other types of paints at prc.scnt known. When u.sed to withstand acids they will 
afford l>ettor protection to w.)>l than to rnctal, due to the fact that wikkIch sur¬ 
faces are in themselves more re.sistant to the action of acids, and lieing porous will 
absorb a greater quantity of paint, thus insuring a greater “factor of safety.” 

Bituminous paints will not give satisfaction when ex{K)sed to vapors or the direct 
contact of solvents for bituminous materials, such as pctrohMim products, illuminat¬ 
ing gas, the so-called “gas-drip” condensing out of ga.s mains, turpentine, exuda¬ 
tions of resinous woods, or the like. They may lie applied on top of dried coatings 
of linseed oil paint or varnish, but should not l)e recoated therewith, as bituminous 
materials will form an unstable foundation, and for (he reasons previously cited 
will act injuriously on the suiierimposed coating of dried linsci'd oil (Imoxyn). 

Certain bituminous paints, prepared without the use of mineral fillers or pig¬ 
ments are used for electrical insulating purposes where a rapid “ uir-drying ” paint 

' U. S Pftti 109,757 of Nov. 29, 1870 to T C Hioe. oompOBed of roal tar, Venetian red and 
■olvent, 188,646 of Mar. 20, 1877 to A K Lee, comp'iBed of asphalt alone and Bolvent, 207,096 
of Aug 20, 1878 to M. It Radey and 243,990 of July 5, 1881 to J S Smith ronipnecd of fattv- 
acid pitch and Buhent, 235,.365 of Dec. 14, 1880 to A K l.ee, roni|H)Bf<l of asphalt, hneeed nil, 
pigments and enlvent, 237,017 of Jan 25, 1881 to J F HolTnian, composed of asphalt, roem 
and creosote oil, 240 899 of May 3, 1881 to J I. Faiias, ooniposcd of coal-tar pitch, red iron 
oxide, ground slate and solvent. 243,990 of July 5, 1881 toj C Smith conipowd of fatty-acid pitch 
and solvent, 338,868 of Mar 30, 1886, 348,993, 348,994 and 348.995 of Sept 14. 1886, all to 
T. J. Pearce and M W Beardsley, composed of residual asphalt dissoUed in carbon disulphide, 
369,301 of Aug. 30, 1887 to G W Swan, composed of rcsidiial asphalt and pigments dissohed m 
bensine: 391,927 of Oct 30, 1888 to J A Titiel contuse! of gilsonile, a amall proportion of 
rubber, linseed oil, colored pigment and solvent, 394..396 of Dec 11. 1888 to F M Reed, com- 
pcHied of asphalt, rosin, lime, stearins, red iron oxhie and solvent. 701,743 of June 3. 1902 to 
T. L. Lee. composed of coal-tar pilch, dead oil. beniol and yellow ochre. 768,101 of Aug. 23, 1904 
to F. M. Whilall, compose! of nurttilite aaphatt and solvent. 835,113 of Nov 6. 1906 to S G 
Penney, composed of blown petroleum asphalt, carbon tetrachlornle and petroleum naphtha; 
8S3.3.'>4 of May 14. 1907 to August Gross and A C Horn, composed of asphalt, Portland cement 
and pine oil; 967.337 of Aug. 16, 1910 to D. T Day, containing nitrated asphaltites <IiseoIved in a 
solvent. 984,477 of Feb 14. 1911 to M. D. Griffin, ct al. containing gilaonite. wurtiilite asphalt, 
boiled linaeed oil and solvent; Eng Pate No 1932 of June 13. 1868, to Charles Humfrey, con¬ 
taining fatty acid pitch, coal-tar pitch or residual asphalt dissolved in a volatile aolvent. No. 12,632. 
Nov. 1, 1887, to J. H Lyman, describing the use of residual asphalt dissolved in beniine. 
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» required. They are usually raarkeied under the erroneoua terra "air drying 
varnish,” but are in reality air-drying paints. The mitlior has exaiuined speriraens 
capable of withstanding 1000 volts (tor rail m thickness. 

For manufacturing inexpensive maelnnerv and farm iinpleinenta. bitiirainniis 
paints may be used for dipping pur|)oacs, u)*in thinning with additioiml solvent. 

BITIMINOI'S (’KMi:.NT.S 

Thost' art' of pliislie. trowelling eonsistenev iiml niinpletl for repnir- 
ing nietiil or (•oni|K).silion rtKiling, (latiip-prooliiig the insiile of iim.sotiry 
walls iiIkivc groiintl, atiil to a Iniiiteil extent for waterprimling the onl- 
side of fonmlatiim walls Ik'Iow groiind. 'I'lie eenietil may !«■ etinipo.sed 
of two or more of the following eonsliltients, vi/.: 

(1) A base eonlaining one nr more liituminous mnleriala with or 
without the atidition of vegetahle oils, resins, ete. The ingreilienis 
should preferably bo bleiuled together in stieh pro|Kirtions that the 
mixture will show a fusing-|Xiint (K. ami S. method, Test l.'ki) between 
13') and 17,5° I'., a eonsistometer hardne.ss (Test !)5) of 5 to 2.5 at 77° h'., 
a .susceptibility factor (Test tli/) lielow 2,5, and substantially complete 
solubilily in the solvent n.si'd. 

(2) Mineral lillcrs are sometimes added, comprising any of the prod¬ 
ucts, such as clay,' etc., tised for filling the coatings of prepared roofings 
(p. iiilli). IJee.'usionally colored mineral pigments are u.sed to impart 
to the cement, a color other than the inherently dark color of tin' 
bituminous materials, liven when employed in moderately large pro¬ 
portions, and of a strong intensity, they will result in eom|)arutively 
dark hues. 

(3) Kibrous matter is often added to bind the base ti'gether, and 
form a tougher ma.ss when set. The fibres may either U' of mineral, 
vegetable or animal origin, including asbestos,- slag wool, eolton lloek, 
shoddy, rag fibres, etc. These are added in percentages not to exceed 
1.5 |K'r cent of the total. The wa.ste prmiuel obtaitied in the mantifaelure 
of bitiitninized rmiling or shingles may also lie tised for this pui'iio.se.' 

(4) A volatile solvent in which the ba.se will dis.solve, eonsisting of 
petroleum prmhtets (e g., gasolene, naphtha, or kerosene), distillates from 
rosin or wo<xl (e.g., turpentine, wmsl turpentine, pine oil, wood creosote 
oil, etc.), tar distillates (e.g, Ixinzol, coal-tar naphtha, solvent naphtha, 
creosote oil, etc.), utted singly or in various eornbinations. The per¬ 
centage of solvent will range from 10 to 25 [xir cent in weight, depend- 

> S Pat HS.TOS of Dcr 16. 1873 to llnra'’€ Whwler 

M; S Pa(« 76,773 of Apr. 14, 1868. 76 773 He ■'»948A and 5949B of JuDO 30, 1874. ill to 
H W Johns 

* U. S. Pal. 1,253,154 of Jan 15, 1918 to IH-rlK-rt Al»r»hani. 
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ing upon the nature of the base and the desired consistency of the 
cement. 

The cement is manufactured by combining the base with the volatile 
solvent in one of two ways: 

( 1 ) By melting together the constituents in a so-called “varnish 
kettle (p. 408) over direct fire heat, cooling until the mass commences 
to thicken and then gradually stirring in the solvent, small quantities 
at a time. 

(2) By “ cutting ” the ingredients of the base with the solvent, in 
a closed steam-hcated tank provided with a mechanical stirrer. The 
components of the base are weighed out .separately, then the solvent 
added, the cover or cap of the tank screwed in place and steam turned 
on. The stirring is continued until the solution is complete, whereupon 
the, charge is allowed to cool, the cover removed and the contents with¬ 
drawn. When mineral fillers, pigments or fibrous matters are to be 
used, they arc incorporated cold, cither by hand or with a power mixer. 

The cement is ordinarily applied with a trowel in a layer from 
iV to I in. thick, covering 25 to 12J sq.ft, respectively per gallon on a 
fairly smooth surface. The volatile solvent should evaporate within 
twenty-four hours, leaving the base and any mineral filler or fibrous 
constituents in the form of a weather-proof coalitig capable of wilhstand- 
ing the highest .sun temperatures without softening or running, and suffi¬ 
ciently tough to withstand walking, attrition of the elements, or any 
expansive or contractive strains to which it may be subjected. 

BITUMINOUS VAHNISHKS 

These correspond to Oroups 3 and 4 in the preceding classification 
(p. 4l).3), but carry a larger percentage of vegetable drying oil, with the 
fillers and pigments absent. In other words, they consist of a bituminous 
base, a volatile solvent, animal or vegetable “ drying oils ’’ with or without 
the presence of resins. The proportion of oils should be sufficient so the 
base will pos.scss a liquid to semi-liquid consistency and harden at room 
temoerature by oxidation of the oils. Hard bituminous substances only 
are suitable for manufacturing varnishes, including the hard native 
asphalts, asphaltites, hard residual asphalts, wurtzilite asphalt, hard 
rosin pitch, hard wood-tar pitch, hard fatty-acid pitch and hard bone-tar 
pitch. Those ordinarily employed include asphaltites, hard native 
asphalts, hard fatty-acid pitches, and less frequently wurtzilite asphalt. 
The oils generally employed include linseed and china-wood, or a mixture 
of the two. 
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Asphaltic varnishes are prepared in the same manner as ole* 
resinous varnishes, namely, in a varnish kettle. When fossil rcsihs 
(copals) are to be used, they are first melted up or “ depolyineriscr)'' 
at a temperature of 500 to 550° F., and when rendered fusible, tl.e oils 
are added in the customary manner, then the dryers, and finally the 
asphalt or asphaltite. When the mixture has i)ren thoroughly melted, it is 
allowed to cool and thinned with one or more volatile solvents. 

When the varnish consists solely of bituminous matter and drying 
oil, one of three procedures may be followed, viz.; 

(1) The oil or mixture of oils in the raw state may be fluxed with 
the bituminous matter, thereupon “ bodied ’’ at 500 to 525° F. until 
the ma,s8 becomes stringy, cooled to 400 to 450° F., then the dryers 
incorporated, and finally thinned with a volatile solvent. 

(2) The oil or mixture of oils may first Ire bodied alone, then fluxed 
with the bituminous matter, the heat raised to about 5t0° F., cooled 
to 400 to 450° F., the dryers incorporated, and finally thinned. 

(3) The oil, or mixtures of oils may first lx; bodied as in the fore¬ 
going, cooled to 400 to 450° F., the dryers incorporated, fluxed with the 
bituminous matter, cooled and thinned. 

Each varnish maker has his own views as to the relative efficiency 
of these procedures. 

Varnishes mwle from linseed oil alone are n ore durable on exposure to tin" 
weather, but they dry slower than mixtures containing china-wood oil. When 
china-wnxl oil is used, it must be healed above 500' F., to prevent the varnish 
drying with a " flat ” or " frosted " apiwarancc, but it should never be healed 
alone alwve .VH)" F., otherwise it will gclatiniie and lieeome infusible. The presence 
of 30 per cent linseed oil, resias or bituniinous matter, or a combination of these 
will retard gelatinixation but not prevent it. China-wood oil mixtures containing 
50 per cent of one or mote of these suliatanccs may be bested without danger 
of gelatinisation. 

Bituminous varnishea ordinanly contain IS to 20 gallons of oil jicr 100 lbs. 
of bituminous matter, or mixtures of bMuininous matter and resin. The durability 
of the varnish on exposure is in proportion to the quantity of oil present, so-called 
“ long-oil varni.shes ” being more durable than “ short-oil vamishea," Itosiii esters 
have recently lieen used in combination with asphalts in this class of varnishes 
with good results, and prove fairly durable on exposure and waterproof. 

The following dryers are generally used; 

(1) Lead dryers in amounts ranging from 2-4 per cent by wei^t of the oil. 
Since the asphaltic varnishes are dark in color, it is unnecessary to use “ pale " 
dryers, and consequently litharge (PbO) or red lead (PbiOi) will answer satis¬ 
factorily. 

(2) Manganese dryers in percentages of 1-2 per cent, usually in the form of 
manganese dioxide (MbO>). 

(3) Cobalt dryers in percentages of i-f per cent of the oil, and added in the form 
of cobalt acetate (CoAi). 
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The Ixist results are obtained liy using (‘ombinations of lead and manganese; 
manganese and cobalt; or lead, manganese and cobalt in approximately the ratios 
specified. The addition of prepared liquid dryers to the cold varnish will not 
answer in the case of asphaltic varnishes as with olco-resinous varnishes. 

The following represent typical specifications for this type of varnish: 

Spoiyficntions (M-L-N-55) issueil by the U. S. War Dept., July, 1008, provide 
that “Asphalt varnish must lie made of i>ure high-grade asphalt of the very licst 
quality, of pure linseiHl oil and pure turpcntmi* dryers only, and must not contain 
lo-sH than 20 gal. of prepari'd lin-si'ed oil to 101) gal. of varni.sh. It must not 
flash below lOIT F. (open te.ster). It must mix fre(‘ly with raw linseed oil in all 
pro|>ortions; it must l>c clear and free from sediment, resms and naphtha. When 
flowed on glass and allowed to drain in a vertical position, tlie film must be per¬ 
fectly smootli, of good iKxly, and must (‘qual in this last res})eet the standard 
.sample. It must set to touch m from l2"2) liours, and must dry har<l in le.ss than 
2J) hours at 70’’ I'\ When dry and hard it must not rub up and powder under 
friction of tlie finger. The ajiphcation of heiit nmsl quicken tlie tune of drying 
and give a Inirder film.” 

Si>ecifications (52V la) is.siie<l by the U S. Navy 1^'pt, July 20, lOLl, provide 
that “Black asph.alt varni.sh must Ik* maile e\clusiv(*ly from pure liigh-graile asphalt 
of the very Is'st quality, pim* linseed oil, petroleum spirits, and lead-mangaiiCf-e 
dryers. It shall contain jietroleuin spirits, not less tlian 50 per cent nor more tlian 
55 per cent by volumi* 'I'he asplinlt ami linseeil oil must Ik* present in such jiro- 
jiortions u.s to yield a film, after fhorougli drying, which .diows no tendency to nib 
lip or powder under friction of the finger. 'Phe flash-i»oint liy tin* open tester mii.sl 
not 1k3 IkjIow It)!)'’ F. It must mix freely with raw linseed oil. When flowed on 
glinw and allowed to dram it should dry hard within 20 hours at 70° F., the film 
to Ik.* smooth and to possess full hiding jiowcr.” 

Varnishes containing cliina-\voo<l oil will harden more rapidly than the fme- 
going. Bituminous varnishes will withstanil cxposuri* to the weath<‘r even better 
than oloo-re.sinoiis varmslies, altliough their u.se is limited by their mh(*rently dark 
color, whicli rostncf.s them for (“oatmg metal work either oiit-of-d(M)rs or in-doors. 
'I'liey produi’C lustrous coatings on drying. Other things being eiiual the blacker 
the streak on porcehiin of the bituminous base, the more intense will Ik* the color, 
covering iKiwer ami opacity of the resulting varnish. If too large a proiiortion 
of llie r(‘sin or oil is u.si'(l in its mnnufaeture, tlie varni.sli will <lry with a trans¬ 
lucent film pas.s<*ssing a bnuvnish black to ileep brown color, having little value 
for coating structural objects. Such varnisfies are .sometimes u.si'd by artists to 
protlma* warm brown tones, and wen* so employed by the ancient masters, who 
|KKsse.s.st*(l the secn*t of preventing them diffusing through and di.seoloring the light- 
colored paints in juxtaposition, 


BITUMINOUS ENAMEI^ 

Those' are prcpaivd from bituminous v.arni.she.s by giinding in diy 
pigments sufficiently intense to overcome the inheiently dark color of 
the varnish. The enamels at Irest can be manufactured in compara¬ 
tively dark hues only, which liTnit their scope of usefnlnes.s. They have 
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the advantages of extreme ilurahilily and low cost, since bituminous 
materials ar(> less expensive than the resins otherwise used for this ptiriwse. 

The bituminous varnishes to lie used for manufacturing emunels are 
made ius translucent as |)ossilile to favor the color of the pigment. Hitu- 
minous sulxstanera showing a brown streak are accordingly .selected, and 
combined with substantial amounts of resinous and oily Ixslies. (iil- 
sonite constitutes the most |)opular ba.se, since it shows the optimum 
brown color, possesses the necessary hardness, and at the same time 
docs not tend to gelatinize with lead, zinc and chromium pigments. 

The pigtnonts arc incorporated in the vcliiclc by grinding through a paint mill, p. 4(10. 
The fallowing pigments may be used 

Red iron oxide to produce deep red.s and maroons. 

(’hiome green to prmluec deep shades of green and olive. 

Yellow ochre lo proiluee browns 

Chrome yellow to pnslnce deep yellows and browns. 

I,itlio|ione, twr while, white lend and sutihined lead to produce tans (without 
other additions). 

(iraphite n«ed cither alone or in combination with lamphlsck or carhon black 
for coating structural steel, and metal roofs. 

BITUMINOtl.S JAPANS 

In this treatise the term “ japan ” is ii.sed to designate a dark-colored 
menstruum appliiil lo metals, wisid, fabrics, etc., intended lo be hardened 
by bnbunj. Japans are sonicliiiK'.s used for im|iregnaling felled or woven 
fabrics for electrical insulating purposes. In eoniposilion they fall into 
any of the four groups enutneraled on p. Ili2, the fillers and pigments 
being omitted. The base of chi'iip ,ia|)ans is composed .solely of bitu¬ 
minous materials blended in the prop'r proportions, whereas the Ixitter 
grades arc made from mixtures of bituminous materials and vegetable 
drying oils, with or without the addition of resin. They are opiupte 
black to translucent brown in color, and after baking, form coalings 
which are extremely hard, tough and resistant to abrasion. 

Japans are often made from semi-solid native asphalts, .and in some cases resid¬ 
ual asphalts derived from aromatic-lMsc petroleum having the proiOTly of harden¬ 
ing on “ baking.” Toughness may lie imparled by fluxing with a small percentage 
of blown pciioleum asphalt or fatty-acid pitch, Falty-acid pitches which have tieen 
over-heated in their process of manufacture, are especially suitable for this purpose 
being often used alone. The characteristics of bituminous sulistances suitable 
(or manufacturing japans arc as follows: 

(1) They must be homogeneous and free from any fine particles of grit. 

(2) They should show a black streak, and be opaque when viewed in a thin 
layer. 
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(3) They must not separate, curdle or ** gelatinize on thinning with petrokum 
naphtha- 

(4) They must bake in a reasonable length of time to a tough and permanently 
glossy coating, without shrivelling or ** cmzing.” 

A popular form of Japan consists of gilsonite fluxed with a fatty-acid pitch of 
the type descnbed, and thinned with petroleum naphtha to brushing consistency. 
If the fatty-acid pitch does not bake sufflciently rapid, a common scheme consists 
in oombining a small percentage of dryer such as manganese dioxide or raw umber, 
at a temperature of 450^ F. Tougher and more elastic japans are prepared by 
incorporating a proportion of bodied linseed oil, which also serves to improve the 
gloss. 

Since semi-drymg vegetable and animal oils will oxidize to tough coatings at 
elevated temperatures, and are usually less expensive, they may be substituted for 
the vegetable drying oils, especially if bodied and combined with dryers. Thus 
cottonseed oil, corn oil, soya bean oil, and fish oil have been used for this purpoK, 
sometimes combined with a small percentage of china-wood oil to accelerate the 
drying. Another expedient consists in bodying the vegetable oils at 45CM75*’ F. 
with a small proportion of Prussian blue (J-l ounce per gallon), which serves to 
convert the oil into a brownish black liquid, thus increasing the opacity of the japan, 
and at the samo time imparting drying properties to the oil. This is the same 
procedure followed in manufacturing baking varnishes and japans for the patent- 
leather industry. 

Jaimiis are applied to articles by dipping, brushing or spraying, and heated in 
specially constructed ovens from 1-4 hours at 200-400'* F. dejiending upon their 
composition. Modern practice favors the use of higher temperatures for shorter 
periods of time. Wooden and other porous articles must lje baked longer than 
metal. Semi-glossy and flat black japans are prepared l)y grinding carbon- or 
lampblack in the foregoing menstrua, and when baked present a surface simulating 
the appearance of hard rubl>er. Sometimes a small percentage of oxide of zinc 
is incorporated to impart a grayish cast. Baked japans form a harder, tougher and 
more weatherproof coating than those resulting from bituminous varnishes allowed 
to air-dry at room temperature.* 

Japans rontaining 10-17 gal. of drying oil per 100 lbs. of solid constituents 
are employed fur insulating armature and field coils of motors and dynamos, also 
transformer and magnet coils, in small plants where vacuum impregnating apparatu.s 
is not svailalde (p. 449). The coils after having liecn wound with cotton or other 
fibrous material are heated in an oven until the moisture has been expelled, and 
while still hot are dipped into the cold japan. After removing and allowing the 
excess to drain, the coils are Imked in an oven at 180-200*’ F., usually from 8-12 
hours. It is advisable to dip and bake the coils twice to insure thorough impreg¬ 
nation. These japans are sold under the trade name of *M)lack baking varnish." 
and if properly prepared will withstand on alternating current having a potential 
of 800-1000 volts per mil, after having been baked 300 hours. One of the essential 
characteristics of the "varnish" is that it shall neither soften nor become brittle when 
applied to armatures of dynamos or motors subjected to continiml vibration, and 
(^ten becoming heated as high as 190” F. in service. Should the varnish or japan 

>‘'The Application of Gaa to Japaning and I^icquertng,” by E. F. Davia, pubtiahad by th« 
rfktional Commarcifd Gaa Awociation, Brooklyn, N. Y., 1919. 
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become brittle, the vibration will soon cause it to crack and pulverise, and i^lt 
in short-circuiting the machine. This is one of the severest tesU to which any 
form of varnish is subjected. It reouircs considerable skill to prepare a japan 
that will retain its pliability on long service when subjected to alternate heating 
and cooling in contact with air, combined with the vibrating and centrifugal action 
exerted liy the revolving armature. A simple test consists in baking the japan 
on a small strip of muslin at 195° F. for 300 hours, and then observing wl\ether it 
can be lient double (flat on itself) without cracking at 77° F. It must also with- 
st.ind continuous immersion in hot lubricating oil without softening or disinte- 
griiting. 

licsins are sometimes added to the baking japans, but are not looked upon with 
favor Is'caiisc of tbeir tendency to make the coating brittle. 



PART V 


METHODS OF TESTING 


CHAn’KIl XXVIII 
PHYSICAL CHARACTERISTICS 

Chavtkiis XXV'^III, XXTX, XXX iind XXXI will be devoted to a 
deseriptioii of the most important tests used for examinin); crude, refined 
and blended bituminous substances. Certain of the tests have lx>en 
adopted lus standards by technical societies, and particularly the American 
Society for Testing Materials, whose committees have Ik-cii active in 
this field, accomplishing much to clarify what formerly constituted a 
veritable jumble of rule-of-thumb methods. Other tests ap|)earing in 
the current literature will lie included where they have been found 
adeiiuate, but in certain cases these have Ik’cii amplified or elalioratcd 
to conform with the practice followed in the author’s lalxiratory. The 
author, however, assumes full responsibility for any methods descrilied 
which have not liecn proposed or adopted as “ standard.” 

The tests which follow are grouped under four headings, viz., physi¬ 
cal characteristics, heat tests, solubility tests and chemical tests, a 
chapter being devoted to each. In general, a test may have one or 
more objects in view, viz.: 

(1) Serving as a means of identification. 

(2) Ascertaining the value of the substance for a given use. 

(3) (lauging the uniformity of its supply. 

(4) An aid to factory control in its manufacture, refining or blend¬ 
ing, and 

(5.1 As a criterion of its quality. 

The last named may serve as an indication of its purity, the care 
c.xereised in its preparation, or its intrinsic value. The tests pertain¬ 
ing to bituminous substances fulfil these requirements as shown in 
Table XXXIV. 
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AiSPIIAL'rS AND ALLIED SUBSTANC'KS 


Table XXXV contains a list of the principal bituminous substances, together with 
such physical .and chemical tests as will enable them to be distinguished one from 
another. Under each heading the minimum and maximum figures are included, 
based on the author’s experience. His intention has been to make the range suf¬ 
ficiently libentl to cover all the commercial varieties, and at the same time prevent 
the range being too broad, since this would result in unneceswxry overlapping. 

Test 1. Color in Mass. This test is used largely for purposes of 
identification, and consists in examining a freshly prepared surface of 
the bituminous material in daylight. The colors range from white, 
through the various shades of yellow, brown and black. Some possess 
a greenish or reddish east, and again others may apjx^ar fluorescent. 
Purified mineral waxes appear pure white, wax tailings a bright yellow, 
asphalts and pitches are generally brownish black, grayish black or 
black. 

Test 2. Homogeneity. This test is used for purposes of identifica¬ 
tion, for determining the adaptalfility of the bituminous substance to a 
given purpose, for gauging the uniformity of supi)ly, for purpose.s of 
factory control, as a rough criterion of the purity, and when the bitu¬ 
minous mixture is free from mineral and carbonaceous matter, for 
ascertaining whether a complete amalgamation of the constituents occur, 
especially after fluxing (p. 

Test 2a. Homogeneity to the Eye at 77" F. With soft materials this may be 
ascertained by di8turl>ing a freshly prepared surface of the matorjal (c(K)Ied to ro(»m 
temperature) with a rod or 8{Mitu)n, and observing whether any dulling occurs. 
An alternate method wmsist*. in drawing a small |K‘Ilet intx) a thread between the 
fingers, and noting whether it dullens while being drawn out. With hard and 
brittle substances a freshly fractured surface may Ik* examimKl. Any evidence of 
dullness is an indication of; (1) the pre.sencc of mineral matter, (2) the presence 
of free carbon (non-mineral matter insoluble in eurl>on disulpliide), (3) an imper¬ 
fect blending of the bituminous constituents. 

Test 3b. Homogeneity under Microscope. This is a.scertainod by spreading a 
minute quantity of the bituminous material on a microscope slide in a thin layer 
and examining it by transmitted light under a magnification of 100 to 250 diam¬ 
eters. With bard bituminous materials, the slide should be wanned and the 
specimen spread uniformly and thinly, while melted. This test manifests the sjune 
characteristics as the preceding, and in addition, permits the detection of the 
Holul paraffines, which separate from the bituminous matrix in crystal-Iike masses, 
ParaflSne may be identiliovl jxositively under a microscope ciiuipixai with a polariscopic 
attachment. 

Test Sc. Homogeneity When Melted. This constitutes a rough teat for detect¬ 
ing the presence of sut^tantial amounts of extraneous matter, such as mineral con- 
etituents or free carbon. The bituminous material is simply melted and stirred with 
a rod. If these constituents arc present in large quantities, they will impart a gritty 
feel to the mass, and will often settle out on standing. 
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Test 3. Appearance Surface Aged Indoors one Week. A foiiall 
quantity of the hitimiinous niiiterial is carefully melted at‘the lowe.st 
possible temperature and poured into a tin ointment 1m)x or deep s('am- 
less can as used for detennining the volatile matter (Test 10). The sur¬ 
face should lie free from froth or bubbles and allowed to cool in a place 
free from draughts. When cool, the surface is examined, and then cov- 
eied to protect it from dust. At the end of a week the cover is 
removed and the surface re-examined. If bright and lustrous, it will 
indicate i [x'lfect anialgamation of the conslituimts, also the absence 
of oily, grea.sy and undis.solved constituents. A lustreless surface is 
an indication of the presence of extraneous mineral or carbonaceous 
matter, or evidence that the constituents do not bicml or amalgamate 
properly. If tla' .surface appears gre.asy or wax-like, va.seline- or paraf- 
line-like bodies are present, .since these have the pio|)erly of separating 
or " sweating " from the bituminiais matrix on standing. 'I'liis would 
prove objectionable where the bituininoiis material is to be tised for 
.surfacing prepared naitings dii.stcd with talc, or for inanttfaciunrig 
bituminous paints, varnishes or japans. This test is accordingly 
used for piiriioscs of identification, dctcrniinitig the adaptability 
of the sub.stance for a given pitrjai.sc and as a criterioti of its 
((iiality. 

Test 4. Fracture. This is asccrttiined iifioii cleaving the specimen 
by subjecting it to a sliarji blow, and examining the cleavage stirface. 
Only hard and ‘'brittle” bitinnitious substances will yield to this test, 
including the hard asphalts and asplialtitcs. 'I’he fracture may either 
aiipear conclioidal (rounded and curved like a slicll), or hackly (jagged, 
irregularly and rough). 

Test 6. Lustre. This indii'ides the manner in which light is re¬ 
flected from a freshly fractured surface, and may lie bright or vitreous- 
indicating that it has the brilliancy or shine of glass; greasy itidicating 
that it presents an oily or greasy surface; waxy itidicating that it 
has the characteristic appearance of wax; or dull indicating that the 
surface is without lustre. These manifestations are used for purposes 
of identiheation, and for determining the adaptability of the bituminous 
material for manufacturing paints, varnishe.s and japans. 

Test 6. Streak on Porcelain. This represents the color of the pow¬ 
der which is left beh nd on drawing a piece of the solid bituminous 
material acroas the surface of unglazed porcelain. Hard bituminous 
materials only will yield to this test. The streak may be classified as 
white (where no streak is visible), yellowish, yellowish brown, brown, 
brownish black and black. This test is of value for purposes of identi- 
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fication, and as an indication of the suitability of the substance for use 
with colored pigments. 

Test 7. Specific Gravity. This test is of value (1) in identifying 
bituminous materials; (2) for controlling the uniformity of supply, 
(8) for purposes of factory control, (4) for figuring the weight of a given 
volume as delivered in tank cars, when stored in tanks or else upon 
filling into containers, (5) for calculating the volume of the bituminous 
binder in pavements (p. 364). The specific gravity is of special value 
when considered in connection with the fusing-point (p. 293) or hard¬ 
ness. 

Teit 7a. Hydrometer Method for Fluid Materials. Where speed is essential 
and great accuracy not required, the specific gravity of fiuid bituminous materials 
may be determined with a hydrometer having its scale 
sub-divided to unity in the third place of decimals. 
Usually a series of hydrometers arc used, ranging respec¬ 
tively from 0.800 to 0.900, 0.900 to 1,000, 1.000 to 1.080, 
1.070 to 1.150, 1.150 to 1.230, and in such dimensions 
as to enable them to be used in a 100 c.c. cylinder 300 
mm, long (with a permissible variation of 30 mm.) and 32 
mm. in diameter (with a permmble variation of 3 mm.). 
The hydrometer should be of the form shown in Fig. 
153, and have the following dimensions; length of stem 
125 mm. (±12.5 mm.), length of bulb 105 mm. (±10.5 
mm.), length of scale 80 mm. (±8.0 mm.), diameter of 
stem 6 mm. (±0.5 mm.), diameter of bulb 22 mm. 
(±2.0 mm.).' 

From A. R T. M. Sundtrds Most hydrometers are adapted to read at 60® F./60® 
Fio. 153.—Hydrometer. F., or in other words, the msirunietils are (‘alibrated fur 

water at 60® F. taken as unity. The standard tempera¬ 
ture for testing bituminous materials is 77® F., and they should accordingly be 
brought to this temperature when tested with the hydrometer. For correcting the 
reading to water at 77® F., it should be multiplied by 1.002, as follows: 

Sp.gr, at 77'’F./77®F.«Sp.gr. at 77® F./60® F.X 1.002. 

In running the test, the bituminous material is brought to a temperature of 
77* F., immediately poured into the hydrometer jar, and then the hydrometer 
slowly allowed to sink into it until it comes to a definite resting-point, whereupon 
it is raised slightly, and allowed to sink a second time. The reading is then noted. 
The hydrometer must not be pushed below the point at which it comes to rest 
until after the second reading has been taken, then it should be pushed a slight 
distance below the end point to observe whether or not it will rise. If it fails to 
do so, it is evident that the bituminous material is too viscous to be tested by the 
hydimneter method, and some other method should be employed. Care should be 
taken that the hydrometer does not touch the sides or bottom of the cylinder when 

*“8t«ndard Methods for Sampliog and Analysis of Creosote Oil '* ^Serial Designation; D $8-17) of 
the Am. Soe. Testing Materials, A. S. T. Af. Slandardt Adopted in J917, 34. 
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the reading is taken, also that fbo surface of the liquid is free from froth or 
bubbles.’ 

For converting specific gravity into degrees Baum6 and vice versa, the follow¬ 
ing formulae may be used:’ 

For liquids lighter than water: 


140 

*Dauin6 = --130 

Sp.gr GOVOO'^ F. 


Sp.gr. 60700“ F. 
For liquids heavier than water: 


140 

13U+“lJaum6 


®Baum<'' = 145- 

Sp.gr 


145 

G0“/00“ 


F. 


Sp.gr 60“/60“ r. 


if.’i 

145 - "Uuuiiio 


Test 7b. Westphal Balance Method. TIuh is alw adapted to testing fluid 
bituminous materials. 'I'hi' instruinciit ns supplied by the luunufucturcr (Fig- 154) 
is provided with a cylinder of alKuit 50 r.c. e4ipa(i1y, 
calibrated for use at (50700“ F. If the test is to Ije 
made at 77* F, it is subject to the same correction 
us in the hydrometer method 

The Westphal balance may 1x5 adapted for as 
little as 8 c e of the bituminous material, by using 
a special pluniinrt, small enough to fit into a 10 c.c. 
cylinder. The plummet may be made from a piece 
of glass tubing 7 mm. outside diameter, which is 
sealed at one end with a short platinum wire fused 
into the glass. Nine to ten grams of mercury are 
placed in the tube forming a column 35-40 mm. high. 

The tube is chen cut off within 20 mm. of the top 
of the mercury column, and the open end sealed with 
a blow-pipe. This plummet should measure 55-00 
mm. over all, and weigh from 10 to 12 g If a 
represents the weight of the plummet in air, 5 its 
weight in water at a definite temperature, and c its Fio. 154.—Westphal Balance, 
weight in the bituminous material at the same 

temperature, then the specific gravity of the bituminous material at this teln¬ 
et a 

perature**:—.• 

0 — 0 

’Buliatia No. 314, U. 8. D«pt. of A«r. W$»b, D. C., Dof. 10, WI6: ** UJjorstory Msoual o« 
BUutninoiis Matoriala.” by Phivoat Hubbard, p. 30. N. Y., 1016; ‘'BpaeificOravily—lU Datarmiao' 
tion for Tara. Oila and Wtehea." by J M. Waiaa. J. /nd C4m. T, 21, 1018. 

»Circular No 10, Bureau of SUsdorda. "SUndard Dandty and Volumotric Tablaa," Wtoh., 
D. C., 1016; Circular No. 59 Bureau of Standards, "U. 8. Standard fiauro4 HydromtUr Seolss," 
Wooh.. D. C.. 1916 

• “ Standard Method* for .Sampling and .4n*Jy«« of Crtowta Oil" (Serial DaaipiatioD: D 38-17) ol 
the Am. Soc. Teating Mctcriala, A S. T if■ StandarJi AdapieJin 1817, 40. 
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Test 7c. Pycnometer or Specific-Gravity Bottle Method. Several forms of gla&s 
bottles are used for this purpose, with a ground-glass stopper having a small verti¬ 
cal hole bored through to enable it to be completely filled with the bituminous 
material. These are made in various sizes. 

An improvised form which msiy l)e used to good advantage when a small quan¬ 
tity of liquid bituminous material is available, consists of a 1 c.c. pipette, and a glass 
tube sealed at one end, the inside diameter of which is slightly larger than the out¬ 
side diameter of the lower stein of the pi|)ettc. On using this instrument, the Injuid 
is first brought to a definite temperature, then sucked to the upiier mark of the 
pipette by means of a piece of rublier tubing temporarily attached to its upjK^r 
stem. The outside is carefully wqied <iry and the lower stem inserted in the glass 
tube which serves to retain any liquid which may drain from the pii)ctte. A siimU 
piece of wire twisted ul>out the pifK'lto near the top is formed into a ring to hang 
it from the hook above a balance jian. The pijK'tte is thus supjwrtcd in a verti¬ 
cal position and weighed.* 

If a represents the weight of the pipette with glass tube empty, b its weight 
filled with water at a definite tem|)erature, and c its weight filled with the bitumi¬ 
nous material at the same tenqierature, then the specific gravity may be calculated 
from the following formula: 

c-rt 

b~a 

It is customary to determine the s|K'cific gravity of bituminous materials at 
77*/77*' F., although in sineial instances it is expressed at K., and in the 

case of creosote oil at UK)®'II0® K. For <‘onvcrting the specific gravity of u suli- 
stanee found at a higher tenqKTature to the standard tenqierature (lower), the 
following formula should be used: 

8p.gr. Substance at ti 7i=Sp.gr. Substance at ti 
in which the temperaturi' at winch the sjieeifie gravity of the substance was 
detcrrnincil, 

/i= the tern|)crature (lower) at which the sjiocific gravity of the substance 
is to lie calculated, and 

the coefficient of expanison, which is constant for the [larticnlar .subst:inee 

If perchance the specific gravity of the subslanw has lieen comiiared with thst 
of water at a higher tcm|)eruture, then to convert it to a lower temix*rature com¬ 
pared with water at the same temperature, the following formula should lie used:’ 
Sp.gr. Sulistance at fi/ii-Sp.gr. Sulwtancc at f./tjXSp.gr. Water at 

In both of the aliovc formulae, the following values may l>c taken approximately 
for k, representing the coefficient of expansion per ® F. 


Creosote oil from coal tar. 0.00044 

Residual (>il. 0.(XK)40 

Coal tar . 0.00038 

Coke-oven tar. 0.00033 

Semi-solid asphalt. 0 00030 

Semi-solid coal-tar pitch. 0 00030 


• "Sjwifie Gravlly—It$ Determination for Tara. Oils and Pitrhea,*’ by J. M Weiaa, rit. 

* For the Spccifie aravity of water at varying temperatures, see Bureau of Standards, Circular 
No. 10, p. 43. Mar. 30. 1910. 
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The pycnometer method may also lx* ased f<»r finding (he spcciiio gravity of 
hard and brittle bituminous substanot^s, including hard asphalts of high fiiaing-pointi 
aaphaltitos, asphaltic pyrobituinens, non-asphaltu* pyrnbitunuMis and pyrohjtuminous 
shales. Approximately 3 A grams of the material gnumd to t)()>me>h are carefully 
weighed and intnaluied into a 50-cc. pycnonaMiT, with aUmt 30 ec. of distilleil 
Aater. A vertical coiidcn.sing bulb is attached to the pycnometer with a anmll 
section of nil)l)er tubing, the o|x‘n end U*ing coniiecti^d with an aspirator to main- 
tain a partial vaemiin. The pyciicuneter is then boiled on a water bath to exj)el 
all the air from tlu' sample. Th<‘ inside of the C{)nden.Mng lulio is then W’oshed 
back into the pycnometer, which is cooled to the dc'^ired temperature, stoppered, 
filled to the mark with water at the same tem|M*mtun' and weighed. The specific 
gravity may then be calculated from the following fonimla: 

_fr-d) ^ 

■ ((/' r) 

Where a represents the weight of the iiycnnmefer empty, h its weight filled with 
water, c its weight containing the bituminous substance, and d its weight containing 
the biluniinoiH subslaiu'c al-s<i filled to the mark with water' 

Test 7d. Sommer Hydrometer Method. 'Plus methtsi is adapted to readily 
fusible s(‘Mii'.>«oiid to h>1i(1 bituminou.s siibslanei‘s 'Phe ajiparatus is illustratixl in 
Fig. and eoii'ists the small metal cup a holding exa<-(ly 10 ce., a sh'eve b 
threaded on the inside so that it may attached to the lop of the cup, the eover 
r and the threaded flange d 1'he cup with the sleeve screwed in phua' is filled 
with the melti'd bitiiniinous Mibstninx', and heal<‘d a short time slightly alsive its 
fusing-fxunt to rch'iw* any air bubbles or trai-es of moisture 1’he nip is then 
allowed to cik)1 (o 77*’ F, and the s!(*ev<* unscrewed If th(‘ biluimn<ms material 
is hard, the sleeve should first l>e warns'd with a Hunsen burner The l)iluminous 
material extending over the eup is rut o/T and levelled with a hot knife, the rover 
and flange fa.stenod m place, and the s|K'cific gravity <letermim*<l by suM|)ending 
the cup from the s|x’eial hydroniet(T lilustratetl 'l'h<* s|ieeifie gravity is rend directly 
and is accurate to the third decimal plan* ’ 

Test 7e. Hubbard Pycnometer Method. 'Phis method w similarly adapted to 
8cmi-sr)|id or .srdid bitiiinin«>us materials riielfirig under the mfluenn* of heat 'Pin- 
pycnorneUT is illustrated in Fig I.W (.1 and li) which shows two approved forms. 
It consist of a fairly heavy slraighl-uallcd glass luls*, 70 mm, long and tl nun. 
in diameter, having a neck ground to ren-ive a gixss stopjx r provideil with a vertical 
oficning running through its entire length, having a mark etclx'd to indicate a eapa* 
city of 21-25 ec 'Phe hituminous iimtcnal is melted and carcdiilly ixiured into the 
dry pycnometer filling it about half full After e<x)hng to 77*’ F it is weighed, 
then filled with water (o the mark and reweighed Hie srx'cifie gravity may 
calculated from the formula given under tost 7c (procedure for testing solid hitu- 
minoas materials).’ 

'■•Mfthmte of Analyiin* Coal »nd Coke." Technical Paper So. «. Bureau of Minee, Wwh , 
D r. p 37. Ifll.1 

*''A New Method and Apparatue for the Determination of the Hiiecjfic Oravity of t^emi-aolid 
Subatancea." by Albert .*tommer. Hror Am Sor Tetimo Mnltnalt, f, fl02, 1909 

’Bulletin No .114. U 8 Dept of ARrinilture. W'aab . D C. p S. '‘Uborat/iry Manual of 
Bitumtnoiia Material*,” by Hubbard, p .14. 19Ifi, "Methmli f‘>r Tretina (‘lal lara and Heflnad 
Tare. Oil* and Pitrhee Derived Then from." by H. K Church, J. Ind. Bng. Cktm, I. m, !»Ui 
0. 195, 1913. 
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Trat 7f. Weiw* Specific Gravity Pan Method. This method is l)oth rapid 
and convenient, being adapted principally to semi’Solid or solid bituminous products. 
The pan as illustrated in Fig. 167 is made of platinum or nickel and weighs about 
7 grams. Its dimensions are as follows: diameter of base 20 nun , diameter of top 



25 mm., depth 12 mm., diameter of wire 1 mm. The melted bituminous material 
is poured into the pan without taking particular care to fill it to any proscribed 
point. It is fastened to a waxed silk thread, weighed in air and then in water at 
77” P., by suspending it from the arm of a balance. The specific gravity may be 
calculated in the following formula: 

(c-fl) 

(6+c) - (fl+d) ‘ 
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Where a represents the wej{(ht of the p»n in air. b its weight in water, e ifs weight 
plus the bituminous sulMtaiKe in air, and <t its weight plus the bitauiinous material 
iQ water. 

The pan may lie readily cleaned after the test by wanning it over a burner 

and pouring out as much of the bituminous su)>stan('e as possible, then removing 

the balance with a solvent, and fmally igniting it.‘ • 

Test 8. Viscosity. Tliis ti'st is of value in deterinining the lulnp- 
taliility of the hitiimiiious .siihstanee for a given pnriiosf*, for ganging 

the nniformily of supply and for faetory eontrol work. It is n.sc'd 

parlieiilariy for examining li(|uid to .seiMi-li(inid snlistanees for road pur¬ 
poses, aiul may also l)e used to good advantage for predetermining the 
ability of semi-solid snhslanees to saturate fahries at elevated temjx'ra- 
tures. 

Test fia. Engler Method. The Fabler visrcwanetpr is illustrated in Fig liW, 
consisting of a (wlinilnial vcs-ci a, KW It nun in (Imnicler, with ii cover 6 and a 
convex liolloin, oiK’ning into a platiiuini- 
lined tulx' c, 2(1 inm long, 2U mm in 
diameter at the top. and 2H mm. at the 
Ixittom 'riie orifice may l*<‘ ojk'IkhI or 
closed with the wooden plunger d Metal 
projwtions are fastimed to the in''iile t>f the 
vessel 2.'j mm from th<’ lowest fMirtion of ^ 
thi‘ eylimincal sidt'-walb anti .12 iiini from 
the up|)er orK-mng of (he orifice Then* ''crve 
to eontrol the volume of Intummous IkiukI 
miro<luee4l, which amount.s to exactly 210 c c 
The bituminous material Ls niaiiitamed at 
any desired tomiK*rature by the liealing- 
bath con-istmg of wat-er, glycerine or cott4)n- 
seed oil in the cylindrical jacket /, lieated 
b> the ring-burner h, ami the lemixTature 
recorded liy the thermomeli'r c 'Flu* out¬ 
flow of 200 e e, of distilleil water at fiK" 1*’. 

IS cjirefiilly oi)serve<i If the appamtus has 
lieen constructwl pro[)cr]y. tills will rcsjuire b’^- Lngler ViHcosimeter. 

50-.W seconds. 

The bituminous material is urdiimnly tcbted at 77" F. (25" C.), 172" F. (60* C.), 
or 212* F. (100* C.) depending upon its consistency. The viscosimeter is filled to 
the top of the points with bituminous material, brought to the required temperature, 
and the time noted for 200, 1(X), 50 or 20 c.c. to flow through the orifice. If 100 
c.c. are allowed to flow through the instrument, the reading should be multiplied 
by 2.35 to calculate the time of flow for 200 c.c. If 60 c.c. are allowed to flow 
through, the reading should l)e multiplied by 5. and with 20 c.c. by 11.96 to obtain 
the time of flow for 200 c.c. These factors are constant. l*he specific visconty at 

> “8p«Hfio Gravity— JU Determination for Tara. OiU and Pilchca,*’ by J M. Wcim, /, Ind. 
Bug. Chem, T, 26. ISIS; Am Ak Testing MnienaU, Standards, p. 41, 1817. 
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compared with water at 6S^ F. is equal to the number of seconds for 200 
cc- of the substance to pass through at t® F. divided by the seconds for 200 '*.c. 
o( water to pass through at ftS® K Tables have been worked out showing the 
factor to l)c used when the apparatus is filled with smaller volumes of liquid, allow¬ 
ing different amounts to flow through.‘ 

Test 8b. Hutchinson's Tar Tester. This is illustrated in Fig. 159. It was 
invented by John Hutchinson * and consists of a metal spindle 9 in long over all, 
bearing a conical-shaf)cd disc (f) 2 in. in diameter midway between the ends, with a 
ptumb‘sha|)cd weight fastened to ita lower end. The instrument is supplied with 



9 




Fio. 159. -Hutchin¬ 
son’s 'I'ur '1'c.Htcr. 




From A. .S T M Proo. 
Fit;. UM) -llulibard’s 
Con.sisteiicy 'rcstcr. 


three poises (D) to l>e uwal with tars of different i*onsi8tency or gravity. The spindle 
bears two rings {A) and (li), 2 in. apart. 

The test Is comluctod l)y placing the bituminous material in a cylinder at leiwf 
9 in. high and 4 in, in diameter, filled to J in. of the top. The bituminous material 
is brought to emtly 77® F., the tester introduced, and the time noted for the 
spindle to sink from a to 6. Poise No. 1 is recommended for tars having a specific 
gravity of 1.170-1.195, No. 2 from 1.195-1.215, and No. 3 from 1.215-1.240. 
The poises do not. conform to standard weights or dimensions, and the instrument 
should not therefore Iw regarded os a strictly scientific one. It is used extensively 
in England.* 

Test 8c. Hubbard's Consistency Tester. This is an improvement over the 
Hutchinson Tar Tester, and is illustrated in Fig. 160. It is composed of a cir¬ 
cular ahiminiuni disc A fastened to a narrow aluminium rod B, also to a hollow alumi¬ 
nium rod C, of greater diameter, the upper end being made solid except a small 

'Bulletin No 314. U. S Dept, of A(rr|pnlture, W*th., D C., p. 7, 1918; "Uttteraucbuog der 
KohloRwoMentofroie und Felle." by D, Holde, Berlin, p. 136, 1913. 

>Ent. Pat. No 22.042 of 1911. 

••*A Naw Enfliih Tar Teater." f/ood Road*. 9 . 337. 1912. 
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hole, Urge enough to allow the entry of the rotl U, which is turn i# threaded at the 
bottom and screwed into a conical alunitniuin weiglit 1) having a 0.1875 in. taper. 
The disc A carries 2 holes 0.04 in. in diameter, placed at opposite sides, 0.145 in. 
from the centre. The upper end of the rod H carries two scale markings, one 0.25 
m., and the other 1 25 in. alM)ve the disc .4 The bottom of the rod li is filled with 
lead dust until the instrument weighs exactly 2 8 g The bituminous sulMtance is 
first brought to 77*' F. and inlrtKluwd into a jacketed cyliiuler, with a hemi-spheri- 
cal l)ottom, 3J in. deep, and 2 in in diameter The tester is then introduced, 
recording the time required to sink Indow the surfac'C of the bituminous material 
from the lower to the upper marking on the rod H. 

A fairly constant ratio is claimed to exist lictween the results obtained with 
this tester and the Kiigler viscosity (le., mtriKlucing 240 c.c into the instrument 
and noting the time of flow in seconds at 77® F for 50 c.c. of the bituminous 



material, divided by the time hir .Vt c c. of water). An Englor viscosity of 60 
corrcspomls to approximately 2 si'conds on the Hubbard inatniment, an Engler 
viscosiry of 120 to approximately 4 seconds, and (he Engler viscosity of 240 to 
approximately 8 seconds at 77® F • 

Test 8d. Float Test. 'ITils instnimcnt is list'd largely for testing the viscosity 
or consistency of semi-solid bituminou.s matenaU used for road purposes. The 
range of the float tost is limited, and it cannot lie used with very fluid bituminous 
materials or with hard solids It accordingly fills the gap between the f^gter 
viscosimeter and the Hubbard consistency tester on one hand, and the needU 
penetrometer and oonsistometer on the other. The test is not afT^;ied by the prra- 
ence of finely divided mineral matter or free carbon 

The instrument is illu.strate<l in Fig. J61. It conswis of two parts, via.: an 
aluminium saueer-sliat>ed float, and a conical brass (collar together weighing 60 g. 

'■‘A Now Coneialonoy Togior for Viscous Liquid HiliitninouH Malonali, ” Ly Prl^vost Hubbard 
asd F. P Pritchard, Pror Am .'•V Tfgltno Matfnrtlg, 17, Wiri. MH7 
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togcthcc. The brasH collar is filled with melted bituminous material upon placing 
it against a brass plate, the surface of whi(!h has been amalgamated by treatment 
with a dilute solution of mercuric chloride and then with mercury. After cooling, 
it is levelled, placed in water at 41° F. for l.'i-SO minutes along with the aluminium 
float, and then screwed into the float and immediately floated with the brass collar 
downwanl on the surfaw of water warmeil to the desired tem|M.Tature. No standard 
temjM’mturc hiis l)een adopted for making this test, although 90° F. is recommended 
as the tnost satisfactory in testing road binders, for which the instrument is intcnde<i. 
Very soft materials are tested at 32° F., and harder bituminous substance:; at 122° F. 
or 1.50° F. 

As the heat is transmitted through the brass collar into the plug of bituminous 
material, the latter softens until it is forced upward and out of the collar by the 
weight of the instrument. The time elapsing between 
the placing of the float on the surface of the water, 
and when the water breaks through the plug is taken 
as a measure of the viscosity of the material under 
examination The author has also found the float test 
of value for testing bitmuinous substances at a tem¬ 
perature exactly 50° F. high<T than the fu.sing-point 
by the B. and R. method, thereby furnishing a criterion 
of the susceptihility to temperature changes (see p. 
501), also a means of distinguishing between blown 
and residual asphalts (p. 29.3).* 

Test 8e. Schutte Consistency Tester. This instni- 
mciit, as illustrated in Fig 162, operates similarly to 
the float tester, with the difference, however, that the 
pressure is applied by a column of water above the 
plug of i)itch. The melted bituminous material is first 

Coiirirsy of A ti. TboniH«(”o introduced into a brass collar 1 in. high and | in. in 
Fkj. 102 -Schutte Viscosity diameter. Ttiis is placed in water at the required 
Tester. temperature foy at least 10 minutes, and then screwed 

into the tube (lUi m, long). The apparatus is immersed 
in water maintained at the required temperature so the water level just covers the 
lower shoulder of the tube, which js then completely filled with water at the given 
temperature, and the lime interval recorded between the filling of the tulje and the 
displacement of the plug of bituminous material at the bottom. Check testa are 
said to agree within 5 seconds.* 

Test 9. Hardness or Consistency. This con.stitutcs one of the most 
important tests for examining bituminous materials, and is employed 
for purposes of identification, considered either alone or in conjunction 
with the fusing-point; for determining the adaptability of bituminous 
materials in connection with certain proposed uses; for gauging the 

‘ "ControUing th« Coriwtlenry of Bitumiooua Dinrfer*,” by C N. Forrwt, Sng Her. St, 584. 
JSOft, J. tnd. Sng Chtm , 1. 378, IHOS, '‘TuntBtivi' Methods for Anftl.tsiii of Croo!>otr Oil” (Serial 
DetignHlion- D 48-17 T) of the .\m Soc Testirtg MulermU .4 .S T. M renta/ne Slamhrd^, proposal 
in 1917, f'roe ,4m Soc Trsling Mntfrml!', 17, Vol I, 8215, 19!7 

• “ M«tbodi for TeitiDg Oo*l Tar tncl Refined Tare, Olla and Pitrbea Derived Therefrom.’' 
hi B. R. Church. J, Ind Eng. Chtm, S. 220. 1911 
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uniformity of supply; and for purposps of factory control. The Mohs 
hardness scale is intended for tlie hardest bituminous materials, whereas 
the needle ijenetromcter and the consistoineter have a range of useful* 
ness from semi-solids to moderately hard solids. 

Test 9a. Moh’s Hardness Scale. This test Inis loiig 1x^*0 umkI for nvordinic 
till' hardness of ininerais by nanpannK liieir resist.aiui' to alira^on W'ith aiiiwilHiieea 
of known lianint'ss. Ten minerals are UM'd in n graduated scale of units, vis : 
(Ij tide, (2) gA'jiMim, (3) ealcito, (4) tlimnie, {.'>) apatite, (t») orthoclase, (7) quarts, 
(HI topaz, (tt) sapphire and (Itl) dianmnd. A ]M>inted fragment of the standartl 
mineral i.s moveal hack and forth several times on the same line, a short distance 
aero.ss the surfaei' of the bituminous material under test If the bituinmouM niatein.l 
IS not scratched, it is harder tlmn tlie mineral used, wheroaa if it i« scratched, it 
may lx* either softer or of the .same hardii<'.s.s a.s (he standard mineral. If it is <if 
the same hardne.s.s. it ^\lll m turn scratch (he surface of (he standanl mineral 
tail if It IS softer, it will liave no effect The first four standard minerals are umvi 
for this puriKise, as the hardest bituminous niateiiaU encountered usually do not 
te.vt higher than I on .Moll's scale 

Test 9b. Needle Penetrometer. 'Ihis was originally devised by H (’ Mowen 
111 ISSK > This firvi rrude mstnmicnt was furtlier inijiroved l»y \\\ Dow.’ The 
l)fiw penetrometer as sitiiplilied in construrdon l»y l{icliardson and Forrest repre¬ 
sents tlie ty|x* in use (<Mlay,® Isith forms o|XTatmg on the same principle and giving 
the same reading'' 

'I'lie Uichard'>on-lM»rresl improved )H’nctrfmie(er is illustrated in Mg Ibd 1'lie 
ba^e A may U- IcvoIKmI by the thumb "crews H, and is attached to the standard 
and al"<i the plati'ii I), which by means of a screw-shank raiK's or lowers the r«‘volv- 
mg fhsc h. on whicli is placeil the .simple of bituminous material to Is* testeil. The 
stamlard (' caines a liracket F afijuslable as to elevation by tt tliurnb-serew', 
also the bracket (!, which on tin* back carries the clock-work // timing the duration 
of the lest by lialf-s4*c«nid Is’als, ami on the front the dial ,/ ihvidcd into il(K) degrees, 
with the hand A', marking (lie numiKT of degrees, eacli of which reprewnls one-tciith 
nnlhmctcr of |M-nctration measired by rai-k on sliding gauge h, engaging in pinion 
on the .shaft which actuates the hami A' I'lm Is-vcIlcdHslge mirror A’ adjuslablo 
througli universal joints, serve." to reflect light on the sample undiT li'st. 'I'hc 
plungi*r 0 acts as u lirake, whicli holds the msslle bar, repn*seiitiiig a weight of 
.''lO g together with (he siiperincimils'nt weight in jilace, until pn*Hsc<l inward, 
which movement iH-rmits the msalle and weight to act ufion test-bhM-k without 
friction, and is cu-^ily oiHTated by grasfiing the lionis Q betwwn two fingers and 

'S oj M Quart,;lv. 10. 207. IHVl. f S I'al 404.074 of Apr 4, IKII.'I to II (’ now<*i»; 
" Iteport of llip Opprstions of Ihf tiiRinocr In jiiirliiient <if thf DiBtrirt of CuluniMa," p IIHI, for 
ISsp 00. also ntliric !>> Cliffont ItlrlianlRoii iii Riconi at (let .‘11, ISOI 

*"H^port of the Knainecr Uept. of the Dialrict of roiumhtk, for year endinx June .‘W, IHOS," 
p 127, "Iteport of the Itispeotor of Asphalt aiui Otiierjl of tlie iJielrut of (‘olitmhia hr th« year 
ending Jane .'JO, 1901.” p l.'jS. I>y A W Dow, "Testing of Hitnmens for Paving Purposes." by 
A W, Dow. Pros Am .W Terifng Mnlmair. t. a.'>4, 10««. "Kelstion lietaeert Home Physh-at 
Properties of Bitumens and tals,” by A W Dow, /Vor Am Sor A/«/rriafji, I, 497, 1000, 

*"The Development of (he Penglroiuter as I s«l in the Deteraiinatuin of the Coiisiatenry 
of Semi-Holid Bitiiiie's," by f■llfI^^l Hifhsrdson ai.d (' N Forrest, I'ror Am ,Sor Ttihng 
\falrrta/\ 7. 1007, "A Further Development of the Penetrometer as tsed in the Deterodna- 

tion of the foriistenry of Fcnu-Solid Bitumens,’’ by C. N. Forrest, Proc. Am. Boc, Teslttig 
Materxah, 9. WSI. KS)9 
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pressing, the l)rake-hea(l 0 with the thumb. M represents a weight of predeter¬ 
mined capacity, either 50 or 150 g. A form of penetrometer operated by an elec¬ 
trical timing device has also been constructed.* A miniature penetrometer for 
portable use is illustrated in P'ig. 1C4. 

Careful investigations have Ijeen made as to the diameter of the holder for the 
bituminous material;* the method of preparing the specimen;* the size and shape 
of the needle;* nls(j other variable factors.* As a result of these, the following stand¬ 
ard test has been adopted.* 



" Penelration is defined as the consistency of a bituminous material, expressed 
as the (li.sinnee that a standard needle vertically jK*netriites a sample of the material 
under known condUioiis of loading, time and teinjierature. Where the conditions 
of test arc not 8i)ecifically mentioned, the load, time and tempemture are under- 


' II. S. Pat. SI2.G87 of Jan 16. 18S4 to A. W, Dow and T. R Griffith. H. W. Mahr, J. Ind. 
Eng. Cktm , 6, 133. 19H. 

»“KffMt of Diameter of Bitutnen Holder on the Penetration Teat," by C. S Reeve. /Voc. Juf 
.tfw. Tt*tino iWo/mol*. Siith Congreea, N. Y, XXV-3, 1912. 

•Prof. Am. Soc. Trthtig Mater,ait, IS. Part I, 306. J9I6; •'Revieed Standard Teet for Pene¬ 
tration of Pitwminons Materiale.” by L. W. Paw. CA#m Eho Manuf, 84. 32, 1918. 

* A New Peoetration Needle for Use in Tearing Bitnminoui Materials," by C. S. Ree\e and 
K. P. Pritfhard. J. Agne. Eeteoreh, #. 1121. 1916 

• Effect of Controllable Variablee on the Penetration Teet for AephaKs and Asphalt Cements." 
by Provost Hubbard and F. P. Pritchard. J. Agrtc. Rtteoreh, », 805. 1916 

•"Standard Test for Penetration of Bituminous Matonals" (Sen^ Designation: D 5-16), A..S'. T.M. 
Staudanit Adopted ,n 161$, 530. 
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stood to be 100 g., 5 seconds and 77" K. n*B|X‘etively, and the units of i^enelration 
to indicate hundredths of a centimeter. 

*■ The container for holding the material to l>e testtnl shall be a flat-lHitUim cyl¬ 
indrical dLsh, 55 mm. (2jV in.) m diameter and 35 mm. (Ij in.) deep. ITie 
needle for this test shall Ix' a cylindrical stwl rod 50.S mm. (2 in.) long, having a 
diameti'T of 1-016 mm. (0.01 in) and lurneil on one end to a sharp point having a 
taper of 6 35 mm. (I in.). Tlie water bath .slmll Ik* maintained at a temijcnituro 
not varying more than 0.2" F. from 77* K. The voluna* of water shall not lie less 
than 10 litres, and the sample shall l>c immersiHl to a deptli <»f not less than 
10 cm. (1 in.) and shall lx supjiorted on a |H‘rforatiHl shelf of not less thiiii 
5 cm (2 m ) from the iKittom of tlie bath. Any ap|>araliis whicli will allow the 
nci'dlc t(( |M‘nctrate without appreciable friction and which is ac'curately vahlirated 
to vichl n’sults in accordance with the definition of jM*n(“tration, will U* act'eptable. 
'I’he transfernhsh for container shall lx a sinall dish or Hay of such capacity os 
will m.sim* complete immerMon of the conbimcr during tlic test. It shall lx pro¬ 
vided witli .some means winch will in.sun* a firm iK-uring and prevent r(«*kmg of the 
container. 

'rill' .simple shall Is* C(unpl<‘l4“ly mclh'd at the lowest (Missible temperature and 
stirred thoroughly until ii is homogeneous and frn' from ;ur Imbbh's. It shall then 
l)c {Hmrcd into the sample container li* a depth of not hs" than l-'i min. (J m 1 'fhe 
.simple shall ln‘ iirotirtial from dust and allowed to c«hi1 in an atmo.sphcrc not lower 
than 65" F. for 1 hour It .shall tlicn be placed m the water bath along with the 
transfer <ll^h ami allowed to rmnam 1 hour 

" In making the test, the sample .shall Is* placed m the transfer dish, filled with 
water from the water hath at sulfica'iit defilh to completely covit the container 
The transfer dish conlnming the sample* shall then lx* placeal niMin llic stand of the 
ixnctration machine. The neiallc, loaded with s|x’cific(l w«‘ight. shall lx adjusted 
to make contact with the surfaex of the samplt* This may l»e airemiplislual by 
making contact of the ai’tual nee;dlc-|s)int with tin* image ndlectenl by tlx surfin’e 
of the sample from a i)ro|xriy placed source of light. I'jtheT tiic rcaeling <if the 
liial shall th<‘n lx noted, or the needle brought to jxro The needle is then rclciiHed 
for the s|xcified ixninl of time, after whn‘h (he |M‘nc(ration machine is adjusted to 
measure the ihstance jxiietnitial. 

"At leiust three tests shall be made at isants on the surface of the sample not less 
than 1 cm (H in ) from the sale of the conlamcr. ami not Im- than 1 cm. apart. 
After eaeh test the .sample and tran.sfer dish are returned to tlx water bath ami the 
needle shall Ik* carefully wi|k*i1 lowar<l its |Knnf with a clean <lry cloth to remove all 
adhering bituminous mutter, 'flic rc)M»rlcd |xm*lraliori shall Ik* the average of at 
least thn*(‘ tests whose values shall not ditT(*r nmn* than 4 jMunts betwiK*ii inaxiinuni 
and miniinum. When di*sirablc to varv the lem|xratur<’, time and weight, and U» 
provide for uniform method or reixrtmg results wh(*n sucli variations are made, 
the .samph^s shall lx molted and cmih*!) in air as alsive directed. They shall then lx 
immersed in water or hrinc, as the cas<* may require, for I hour at the Ipmjxrature 
desired. The following combinations are sugge.sted; 

32" F,; 200 g. weight; 60 seconds, 

77" F.; 100 g.'weight; Sscwjnds,' 

115" F.; 50 g. weight; 5 seconds.” 

■ Inserted by author. Not meiuded in the printed method publubed by the Am. Soe. Teeting 
MatcriaU 



m 


APSHAm AND ALUED SUBSTANCES 


The princip&l sborteoming of the needle penetrometer is the fact that the read¬ 
ings at variom temperatures (116, 77. and 32*“ F. rcs|)ccf.ivcly) must be expressed 
on diferent scales, and are therefore not comparable. It is difficult and in many 
cases impossible to interpret the eiUnl of the physical change from the range in 
readings, upon subjecting a bituminous substance to variations in temperature. 
In addition, the scope of the penetrometer is limited, as it will not answer for cither 
sembiic|uid or hard bituminous materials. These objections arc overcome in the 
consistometer. 

Test 9c. Consistometer. This instrument is constructed according to scientific 
principles, and may accurately be duplicated at any time. It registers the degrees 
hardnc.s.s on a scale ranging from 0 to 100, and is suitable for determining the hard¬ 
ness of substances as soft as vaseline (whieli will tt'st 0.3 at IV F.) to sub¬ 
stances as hard as gilsonite (testing in the neighborhood of 100 at IV F.). In 
all coses, the hardness or consistency is expressed as the cube root of the number 
of grams which must be applied to a circular flat surface 1 sq.cm. (100 sq.mm.) 
in area, to cause it to displace the substance at a speed of 1 cm. per minute. 
Readings for all bituminous sub-stances and at all temperatures (whether 115, 77 
or 32® F.) are expressed on a single scale. The harder the substance, the greater 
will bo its hardness expressed numerically. 

Four mushroom-shaped plungers are used, each having a round flat head with 
a reduced shank, so the perimeter of the penetrating surface forms a “ knife ” edge. 
This entirely eliminates the fractional adhesion of the bituminous substance to the 
sides of the plunf^rs. The flat heads of the plungers are made in the following 
dimensions; 


i'liiiiKcr 

Diameter lu mm 

Area in a<i mm 

No 1 . 

I 13 

1 

No. 10 

3 57 

10 

No. KK) 

11 28 

100 

No 1000 

35.67 

1000 


The method of testing consists in forcing one of the plungers into the substance 
at a uniform speed of 1 cm. per minute. The force is automatically registered in 
grams or kilograms. For any plastic substance, tlie number of grams required to 
effect this displacement is dimdly projKirtionnl to the volume displaced. The vol¬ 
umes displaced per minute by the ros|>cctive plungers are O.I, 0.10, I 00 and 10.0 c.c. 
res|)cctively. 'Hie relation between the plungers is therefore in the direct propor¬ 
tion of 1:10:100:1000. 

For the sake of uniformity, all readings are expressed in terms of the niimlier of 
grams applied to plunger No. 100 (1 sq.ein.). In other words, the readings obtained 
with plunger No. 1000 are divided by 10, those obtained with plunger No. 10 are 
multiplied by 10, and those obtmned with plunger No. 1 are multiplied by 100. 
The hardness or con8i.stcncy is equal to the cube root of this number of grams. 

Two interchangeable springs are supplied, one roistering in grams on a scale 
ranging 0 to 1000 g., in 10 g. divisions, and the other for rending in kilograms on a 
scale ranging from 0 to 10 kgs., in 0.1 kg. division.s. In using plungers No. 1 
and No. 10, the kilogram spring only should be employed. In using plunger No. 
IQO either the gram or the kilogram spring may lie employed, depending upon the 
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hardness of the material. In usinn iduriKer No. 1001). (he (rram aprinir onlj alioiild 
be employed. The relations are e\|)n-sseil m the followmit (able: 


Plungpr 


Spring 


Acttml 

K«u>liiis 


Convprtr I 
In eratii't |){>r IlN) 
S'l Him riunttrr 


('ul>e Hunt ffraimt 
Appliivl 1(10 
»<1 ii4in i*)uii|tcr. 


1000 *<{.01111. 


KM) aq mm 


to *<i mm 
I tq mm 


I From 10 K 
I to UMMlg 

I From 100 g 
I to KMM) g 


1 

KM) 

100 

1.000 


r (M) 

4.04 
4 04 

10 00 


Kg 


/ From I 0 kgs 1,000 

I to 10 0 kgs 10,000 


to 0 
21 6 


Kg 


I From 1 0 kg 10,0(K) 

1 to JO 0 kge KM).000 


2i 6 

40 4 


Kg 


Froni I 0 kg 
<0 10 0 kgs 


lOMMM) 40 4 

1,0 MMMMl KMl 0 


Talilc XXXVI aIjow.s llm ri'iatioti tlx* I'oii- 

NistoiDoti'r roixIinK.s aixl dcgrt'es hnrdnoss, )x‘iinn(( iii idiihI 
that, in every cftac the hardness is dcsinnalod ;is the culx' 
root of the iminher of grams aiiplieti to the No lOt) plunger 
(art'a 1(K) .sq.mm.), to cause it to displace the 8ul)staiice 
at a speed of I cm. per minute. 

The consistometer is illustrated in Fig. 165. It is first 
levelled by the four screws A. The spring li is then 
attached, selecting the gram spring for soft substances, 
or the kil;)gram spring for hard substances. The steel 
shaft (' IS inserted and screwed firmly into pL-iee. The 
plunger I) should then lie screwed into (he lower end of 
the shaft. Plunger No. 1 is us(‘d for hard and brittle 
substances, plunger No. 10 for moderately hard solid 
substances, plunger No. 100 for moderately soft semi- 
solid substances, and plunger No. 1000 for serni-Iiquid 
substances. 

The scale E is graduated in grams on one side, and 
kilograms on the other, and is reversible. It should be 
attached so that the graduations will correspond with 
the spring used, and adjusted so the indicator F will rest 
at the 0 division. The maximum indicator G is also 
brought to the 0 division using the small instrument //. 

The bituminous substance is mcltod at the lowest 
possible temperature and poured into a small receptacle 
ns described for the needle penetration method. The tin 
lx)x J containing the bituminous Bul)stancc is then sup¬ 
ported underneath the machine in a vessel of water (not 
shown) maintained at the temperature at which the test 
is to be performed. The pressure is applied to tin* plunger 
by turning the hood-wheel 0, and the speed of displacement 



Fio. 165.—ConsistomeUr 
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TABLK XXXVI 

FOR CONVERTING CONSI8TOMETER READINGS INTO POINTS HARDNESS 

Plunobr No, l(K)0 (1000 »q mm)--Gram Sprixo,_ 


OniM 

Applied 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

0 

0>00 

1 00 

1 26 

1.44 

1 .59 ; 

1 71 ; 

1 82 

I 91 

2 00 

2 08 

100 

2 15 

2 22 

2 29 

2 35 

2 41 

2 47 i 

2 52 

2 57 ; 

2 62 

2 67 

200 

2 71 

2 76 

2 80 

2 84 

2 88 

2 02 

2 96 

3 00 

3 01 

3 07 

3(K) 

.'{ 11 

3 14 

3 17 

3 21 

3 24 

3 27 

3 30 

3 33 

3.36 

3 30 

400 

.3 42 

3 4.5 

3 48 

3 .50 

3 .53 

3 56 

3 .58 

3 61 

3 63 

3 66 

ISOO 

3 6M 

3 71 

3 7.3 

.3 76 i 

.3 78 

3 80 

3 83 

3 8.5 
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oonirolled by following the pointer A', on the dial L, which ehould bo caused to 
n-volvc at the same speed as the second hand of a chronometer Af, conveniently 
suspended alongside. The numteis on the dial /. correspond with those of the 
second hand on the chronometer. One revolution of the pointer K indicates that the 
plunger has moved downward exactly one centimeter. 

At the tennmation of 60 seconds, after the pointer on the dial has iiiade one 
revolution, the pressure on the plunger is relieved. The reading of the niaxiiiiuin 
indicator G on the scale K is then noted, and the correspondiiig degree of hardness 
ascertained by referring to the table. 

When the plunger conimcnccs to displace the sulistance at the siiecifii'd s|ieed 
of 1 cm. per minute, a maxiimiiii reading is obtained which should remain constaiit 
throughout the entire displacement. The consistoiiietcr is simple to 0 |)erale, gives 
closely concordant results, expreascs the readings olitaincd at all temperatures on 
one scale and has a sufficiently great range to i..olude all bituminous Bulwtnncos 
ordinarily encountered.' 

Test 9d. Susceptibility Factor. This factor is a numerical expression representing 
the susceptibility of a bilummous subslnncc to tcmisTatiirc changes The more 
Misccptible the material the higher will be its " susceptibility factor." It is cal¬ 
culated from the consistoiiietcr hardne.ss and the K and S fuamg-|siiiit (Teat I.Vi) 


in the following manner: 

Susceptibility Factor* 


^dj^t 32” F.)-( l ld at 11,5° F.) 
Fusing-jKimt, K and .S. Method 


XlOO 


This factor is useful as a means of identification; lor pmleiermining the adapta¬ 
bility of the substance for certain usages; gauging its uniformity of supply; and 
for purposes of factory control. This factor Imirs no relation to the hardiicsa or 
fusing-point, and is substantially constant for bituminous aulislances derived from 
the same source or produced by the same general priness. In the case of blown 
petroleum asphalts, it furnishes an indication of the ejtenl to which the substance 
has been blown; the further the proceas having liecn continued, the smaller the 
factor expressed numerically. With residual asphalts derived from any one crude, 
the susceptibility factor will remain constant, regardless of the extent to which the 
distillation has progressed. 

By means of the susceptibility factor, bituminous materials may 1« roughly 
divided into the following groups, vis 

SmcrptiklUv Factor nmter -10: Includes blown [letrolcii n asphalts, fatty-acid 
pitches and fluxed asphallitcs (having a factor between 8 and 40); also wurtiilite 
asphalts (having a factor lictwcen 30 and -fO). 

SmceptibMy FacUir bclieeen tO arul (It)' Includes residual asphalts. 

Fusce/miity Factor oi’er 00: Includes mineral waxes, pitches derived from tars, 
and asphaltites (of which the susceptibility factor varies from 75 to over 100). 

Native asphalts have been excluded from the foregoing groups, since their sus¬ 
ceptibility factors vary widely, ranging from 1,5 to greater than 100. The author 
has never examined a bituminous material having a susceptibility factor lower than 8.* 


■•■Iiaprovsd Instromenh for the Physt-st Tertinx of Bltamlnoui M.terlsl.." by Her^ 
ham. Prl Am. .Soc. t. 5«8. 1909. II, 67S, 1911; f. «. Pat. 989.471 of Apr. 

It, 1911 to Herbart Abraham. __ 

••■Improved iDStnimeat* for the Phyaical Teetbf of Bituminou. by Hettot 

Abraham. Proe. Am. TmUng MolenaU, II, 6S3. 1911. 
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Test 10, Ductility. This represents the capacity of the bituminoua 
material for elongating or stretching. The test is of value for identify¬ 
ing the bituminous substance, for indicating its adaptability in con¬ 
nection with certain usages, for gauging its uniformity of supply, and 
for purposes of factory control. The ductility te.st often enables us to 
differentiate between blown petroleum asphalts and native or residual 
asphalts. Most pitches derived from tars are extremely ductile, but 
fatty-acid pitches are variable in this respect. The ductility test is 
u.seful for predetermining the adaptability of bituminous materials for 
paving purposes, for adhesive compounds to be u.sed in connection with 
waterproofing or built-up roofing work, and for manufacturing surface 
coatings of prepared roofings. Wherever the bituminous material is 
subjected to extensive changes in temporaturc or vibration, it is im¬ 
portant that it should have high ductility within the particular tem¬ 
perature range to wdiich it will be subjected. A\ilh every bituminous 
substance there exists a certain temperature, usually within 10 to 3t)° I', 
of its fusing-point (K. and S. method), at wliich the ductility attains 
a maximum. A ductility curve constructed for any bituminous sub¬ 
stance over a range of temi>erature assumes the same form as the 
probability curve in higher mathcmali<'.s. It is desirable that the 
maximum ductility should coincide as clo.sely as possible with the 
average temperature to which the material is to lie subjected. 

There are two methods in use, depending u|)on the construction of 
the moulds, namely one devised by A. W. Dow, and one proposed by 
the author. 

Test 10a. Dow Ductility Test. Tlie Dow mould is constructed of four bra-s-s 
parts as illustrated in Fig. 16C, and of the following dimensions: external length 
9 cm., internal length 7.5 cm., distance between the 
ends of clips .').0 cm., extreme infernal widtii of mould 
3.0 cm., internal width at mouth of cli|xi 2.0 cm., 
intermal cross-scction half-way lietween clips 1.0 cm., 
and thickness of liriqucttc 1 0 cm.' The two centre 
pieces should be well amalgamated to prevent the 
Courtew ol Humboldt M(r. Co. bituminous material from adhering, and the mould 
Fia. 166.—Dow Ductility Mould, assembled on an amalgamated brass plate. The 
bituminous material is melted at the lowest possible 
temperature, poured in a steady stream into the centre of the mould, and a alight excess 
added to allow for shrinkage on cooling. The mould is cooled in air and levelled off with a 
hot spatula. The two centre pieces are then removed, leaving the briquette of bituini- 

■"Tho T«lira ol Bitumem lor Paung Purposes." by A W. Dow, Proe .tm ,<.v T,M«t 
Mnferiale, $, 352. 1903; ''Report of the Comnnssioncrs of the Diet of Columbia, for the year 
•Dding June 30. 1904.” p 42. " Method# for Testing Asphalt” by A. W Dow. CArm g„ff, l, 

330, 1905; ''Tests of Asphalts for Paving Purposes.” by A. W Dow and F. P Smith Mumc 

Snff., 40. 437, 1011. 
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nous material hold at either end Uy the chiw. and earefully Iransfcrrotl t<j a-vessel 
of water inainlamed withm I degn'o of the rt'qtiin'tl teiiiix^ralure for at least I, 
but not longer than 2 hours 'Ihe eh|>s diouM then lie {tullcd u|>art under water 
maintained withm 1 degree of the requinai tem|)erature, at a uniform rate of sjH^ed 
of 5 cm. per iiiiiiute. 'I'he line of pull should U* horizontal or nearly so, and the 
separation effected witliout apprenahle vibration. Three testa ahould Is' averaged.' 



i lo. Hi7 Siiiiih Ductility Mai'liine. 


It IS eusiomarv to make this lest at thne temperatures, viz : 11.*), 77 and Ti® F. 
\'anous machines havi' Uhmj profMiMMi for this pur|s)He, including the one devisi‘d by 
Smith, illusirated iti Fig 107.' 

An instrumimi uith a (lyiiamomeler attachment adapli'd to use the I)«>w moiihl, 
measuring Inith the ductility and “ccmcnti- 
tiousncss ” (tensile .Hirengtii) has been «le- 
scnls'd by D'sler Kirschbraiin ' Thisdevice 
is essentially the same as Ih.it uhicli liad 
Is-en presiously descnlicfl by the author in 
1910 (See test 10/q 

Test 10b. Author’s Ductility Test. An 
improved mould designed by the author, 
is illustrated in Fig HW and shown in 
eross-.si^ction in Ftg 109 It eon.sisf.s of two 
cytindneal sections constructed of hardened 
steel, resting together on circular knife- Fi<;. 108.—Author n Ductility Moukl. 

'•'Report of .Sub-Commjtte« on DurUlily Tc*U.” i’ror Am Sn< Ttnhng MattriaU, Hart I. II, 
349 . 191.5 

*'‘M»chme for T«tm(t Ihe Ductility of Rituminout Psvinij Cemcoti," by F. P. 8n»tb, I’roc. 
Am Soc Tt»t\no t. - 594 . 1909 

•■'The Cementing Vnhie of Biluminoui Bindere.’' by l.eeter Kirichbftua, J. Intt Eng f'/rm, 
I. 976, 1914: L*. 8 Pat l.m>..506 of Apr 25. 1916 
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edges an<l muintuined in that posilion by three guide pina. It is filled by unscrew¬ 
ing the upper cap and jwuring in the melted bituminous substance, which on 
cooling forms a prismoid, whose altitude is 2.5 cm., the end-arc is 1 8 cm. in diam¬ 
eter, with u minimum (ross-wetion at the centre of exactly 1.0 sq.cm. (1.28 cm. in 
diameter). The upiwr cap is screwed in place, the mould fastened in the tensom- 
eter and the two halves set)arated at the uniform speed of 5 cm. per minute. 
The elongation in cms. at the moment the material parts is a measure of its 
ductility.* 

This mould has a number of advantages over the Dow type, including its adapta¬ 
bility to testing semi-liquid and semi-solid bituminous materials, no amalgamation 
is necessary, there is no danger of the material bmaking in the mould upon being 



cooled to the proper tempemture, the })ersui>al eiiutUiuu la chininaled in filling 
the mould with the assurance that the minimum croas-.section will lie exaclly the 
proper rize, and only a small quantity of the material is required in making (he test. 

The tensometer is illustrated in Fig. 170. The two sections of (he mould A-l 
and A-2 are clamped between the guides B-l and B-2, the lower section Iwing fast¬ 
ened to the stationary cross-piece C by the pin IM, and the upjier section (o the 
movable cross-head E by the pin D-2. The cross-head is attached to the cliain F 
which passes over the sprocket-wheel G fastened to the dynamometer H, and then 
around a suitable winding mechanism 7. The specimen is drawTi apart by turning 
the hand-wheel J which operates the endless chain K running on the sprocket 
wheels lA and 7/-2. The dynamometer is equipped with a trigger M to prevent 
recoil. The chain F also connects with a train of gears operating the brass pointer 
N pressing against the dial 0 which is formed of vulcanite or some other insulating 

• "Improved Initrumenti for tho Physical Tetiioa of Bituminous Msterisls,’* by Herbert Abm- 
baa, Proe. Am. Soc Tt»tirg MiUtriats, W. 444, 1010; 11, 679. 1911. 
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lt« face is marked in one huiKlnnl divi8jom<, each consisting of tf metallic 
A« the pointer brushes over iImw contacts it momentarily closes an 

E rcuit which o|K*mte8 the relay 

‘ click.” The relay is connected with 
cst^nml (heswitch H. Onenn’olution 
liter indicates that the Imlves of the 
c IxH'n seiMirated a distance of exactly 
, and a movement of the |K)inter over 
)ii of the dial corrcs|)onds to a c<‘nti- 
III the MTtion A’2. 
iid<'« !i’l and li-2 an* pivoteil at jS*1 
rIiicIi jKTinits the glass reservoir T 
[Mil into place, whercu|)oii they are 
a })oMlion by the liolt (K The reser- 
)c*d aith uatcr niaiiitaiiic’d at the 
inix'raturc by the* i}c*ating cod V' in 
I tlic incaiidc’Hviit ]atii|>K V. The batii 
gitalcd iiiMin 8(|uc<'%ing the bulb IP, 
cs air through (lie liquid. The valve 
‘iiiptying the n'scTvoir. The speed is 
by a metronome with a l>cll atliich- 
to ring evcTy 12 Hc*conds, <cr r> times 
e. The s|)(*ed with which the crank 
nisf l)e regulated so that (he ” clicks ” 
ty an* brought into unison with the 
1C nicironorne. 

The* rc'scrvoir should lie filled 
with a liijuid having iiImiuI (he same 
specific gravity as the* bitniniiiouH 
material tesl(*d, so (he ihit'ad of 
material will neither have a ten* 
den<*y to float nor sink while the* 
moulds am U ing seimrute^l. The 
0 }s*ni(or must watch the* s|a'ciincii 
as sections A and li separate, and 
he should cease tuniing the crank 
at the moment the thmad |wrts. 
The dynamometer indjcnl<*s the 
tensile strength of the substance in 
kilograms (Test 11), and (he dial 0 
its ductility in M'ntiinetera. Tlw 
sulistanoe is usually tcwled at 116, 


Fio. 170.—Tensometer. 


Test 11. Tensile Strength 
by the Audior’s Method. This 
!« rprnnlpd on the tonsomcter 


as deseribed in Test lOh, and is e<iiml to tlic maximum reading in 
kilcgraius as the two halves of the mould separate. It is a measure 
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of cohesiveness or cementitiousness and is of value in determin¬ 
ing the adaptability of a bituminous substance for certain definite 
purposes, especially for paving, manufacturing adhesive compounds 
for waterproofing and built-up roofing work, bituminous substances 
for electrical insulation, moulded articles, pipe joints, etc. The 
tensile .strength is ordinarily tested at 115, 77 and 32° F. For each 
bituminous substance, there is a critical temperature at which the ten¬ 
sile strength tests a maximum, and this is generally coincident with the 
temperature at which the ductility approaches 0. This phenomenon 
may be explained by the disappearance of plasticity and associated 
cohesivcncss at temperatures when the substance becomes transformed 
into a brittle solid. The tensi'e strength curve is also similar in form 
to the probability curve in higher mathematics. There appears to le no 
definite relation tetween the hardness and tensile strength of bituminous 
substances. With residual asphalts manufactured from the same cruilc, 
the tensile strength is reduced after the distillation progres.scs Ix-yond 
the hard and brittle stage. Kxccssivc blowing produces the same 
results, but to a leaser degree. 

Test 12. Adhesiveness Test. This test serves as a measure of the 
adhesiveness of the bituminous material, and it is of primary impor¬ 
tance in a-scertaining its adaptability for certain definite u.sagcs, as, for 
example, in road building, preparing compounds for water-proofing 
and built-up roofing work, cements, etc. It repicsents the capacity of 
the substance to adhere to solid objects with which it may lie brought 
in contact, and dificrs entirely from the cohesivcncss or tensile strength 
referred to in Test 11. Various instruments have been proposed for 
this purpose including those devised by Ii\ilweiler,' Osborne, Kirschbraun 
and others. 

Test lita. Osborne Adhesive Test. This is designed es^jeeiaily for measuring 
the adhesion of semi-liquid to semi-solid road oils suitable for the eonstruction 
of carpet or seal coats (p. 367). 

The apimratiis is illustrated in Kig 171 and is composed of two concentric 
cylindcra. The stationary inner cylinder is hollow and measures e.xactly bao.*! in. 
in diameter. It is maintained at 77“ F., by a stream of water circulating through 
it, entering and leaving by the horizontal tulies shown to the right, one liearing a 
thermometer to register its temperature. The movable outer cylinder or collar, 
2.000 in. in diameter and 2 in. wide is caused to revolve on the inner cylinder 
with a uniform layer of the bituminous material to lie tested in lietween, by being 
wound with a cord attached to a 3 kg. weight. The thin film of bituminous mate¬ 
rial between the cylinders offers a resistance of this turning, and the adhesive 

1 "A N«w Msdilae ter Testini Pitrh." by T. Y. Ohen. Pret Am Sac, Tcthan Matcriali, 10. 
6»J, 1010, "Impart Tpstmi Msrhine for Pilrb," by W, H. Fulweilw, An. Amoc. AJr. Set, 
Wash., D. C . 1911; "Uood Keada." 9, 81, 1012. 
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value is measunsl by reconiiiij? the letiRlh of (mie n*quire<i for three .rortipleto 
revolutions of the collar* lable XXWIl loeheles tC'^ls re(M»rlwl by the desintner 
of the inaehine, the float test haviiin keii lusirrlaiiiial at tH)" K. (Test Hdj, aiiil the 
viscosity by the ICngler viscosimeter at ai'J” I' (Test So) 



Ct.iiitfijA fii (’ H nnlioriK* ('(Mirt<-By of 1^ II SurKciit <’o 

1*1(1 171—<KlK)nH“ A«l}n"'Uc 'IVstcr Fi(7. 172—Kiriichhrauii Adhcwvi* 'IVutor. 

Test 12b. Kirschbraun Adhesive Test. I'his is (h'si^iK'd for (omI.uik M'lni-wilid 
to solid Imuininoiifl nml<*nals 'IV iiiKinmicnt is conslrucfod illustraVl in Fig. 
172, foiwistinj? of a dynariKniiotcr \Mlh a niaxiiiiurn-midiiiK mdicalor Imvinn a bull 
allacfu’d to i(,s lower end, A |»la(forni with wde elifw for holdiiiK the eoiit^tiner 
of the hitnininous material is attaelied to a thr(‘iuVl bar, gean'd to a crunk for 
raisi?ij< or lowertnK tlu* sainplo 'Phe container is providi*d with side flanges by 
wliieli It IS held on the plalforin 'IV bituminous material is iioured into the cup 
so as f4) enclose the ball, and when ersded to the desired lemiK'rature, the idutform 
IS lowen'd at a uniform s[K*ed until the ball withdraws from the s|)Ceimen umler t«Jt. 
'I’he adhcvum is recorded by the dynamometer 

' PriAHte ooinrimiiKBtioii front Clareioe it fitlsirtie of the C«lifornu Hisbwuy ConunlMloD, 
.Sacrfiinoiito, Cal 
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TABLE XXXVII 


Sp.gr. 

«l 77* F. 
Tert 7) 

Solubil¬ 
ity in 
Carbon 
Diaul- 
phide 
(Teat 
21a) 

Flash¬ 
point ®F 
(Test 17) 

Burn! UK 
Point *F. 
(Teat 18) 

Float 
Teat at 
90“ F 
(Teat 8d) 

VjBooeity 
Teat St 
212“ F 
(Teat 8«) 

Oahorne 
Adhesive 
Teat at 
77“ K 
(Teat 
12a) 

1.1)88 m 

5 Hours 
325“ F 
(Teat 
10) 

Float 
Teat at 
90“ F. 
after 5 
Hours 
at 

325“ F 

Cr 

/C 

\sphalt 
(of 80 
Penetra¬ 
tion at 
77“ F) 
at 400“ 
F. 

Hours 
Heated 
at 400“ 
F. 

0 m 

99 74 

339 

400 

390 

1312 

090 

2 68 

1113 

92 0 

9 0 

0 035 

99 78 

210 

290 

72 

427 

2(> 

1.5 37 

8055 

80 0 

3 5 

t.OOl 

09 83 

277 

415 

180 

584 

281 

3 48 

700 

89 1 

8 .5 

0 070 

99 91 

325 

4.50 

93 

334 

40 

3 24 

140 

80 2 

25 0 

0 971 

99 90 

280 


29 

143 

5 5 

8 01 

80 

75 0 

32 0 

0 6h2 

99 93 

300 

.525 

187 

.591 

208 

0 90 

234 

92 5 

30 0 

0 973 

90 80 



29 

129 

0 2 

12 .58 

132 

70 2 

8 0 

0 997 

99 90 

330 

420 

143 

438 

125 

1 71 

22.5 

87 7 

14 0 

0 009 

99 40 



051 

1,573 

1.000 

0 17 

1019 

95 5 

14 0 

0 993 

99 94 



140 

481 

119 

4 28 

315 

86 0 

10 0 





132 

413 

80 





0 995 

99 85 



280 

940 

430 

3 09 

837 

91 7 

10 0 

0 990 

99 7.8 



1,3.5 

11.3 

73 

2 1.3 

217 

81 3 

14 0 

0 Wi 

99 78 

350 

420 

130 

430 

99 

4 43 

292 

84 2 

14 0 

0 903 

99 77 

340 

428 

141 

4.30 

110 

.5 22 

3(.8 

84 7 

14 0 

0 99H 

99 77 



181 

.500 

197 

1 94 

284 

90 2 

19 0 

0 98(7 

99 90 

358 

480 

1.32 

471 

141 

2 31 

214 

89 0 

20 0 

0 9H4 

99 88 

441 

.528 

230 

724 

409 

0 27 

289 

93 0 

20 0 

0 999 

99 95 

345 

418 

1.33 

414 

112 

5 81 

379 

85 0 

10 0 

0 908 

99 82 

428 

518 

420 

1238 

450 

0 30 

538 

94 0 

5 

U.09I 

99 83 

318 

410 

130 

419 

104 

4 19 

277 

85 0 

1.3 0 

1.027 

99 50 

304 

420 

1702 

4090 

3,900 

3 88 

115* 

92 9 

.3 0 

0 991 

99 85 

315 

405 

201 

030 

.315 

4 2 

.591 

88 0 

8 0 

0.984 

99 92 

320 

.522 

212 

727 

313 

0 G 

302 

92 3 

20 0 

0 902 

99 91 

280 

474 

147 

425 

90 

2 3 

259 

88 5 

12 0 

0 997 

W» 90 

310 

418 

151 

.5.52 

101 

5 9 

490 

85 5 

0 

I 007 

99 (i9 

2.50 

400 

57.5 

2108 

590 

0 5 


89 0 

0 

0 997 

99 95 

335 

428 

219 

882 

218 

5 2 

720 

88 3 

6 0 

0 092 

09 73 

235 

305 

310 

1370 


9 0 

1.30* 

87 0 

.3 0 

0 990 

99 00 

300 

440 

4.54 

873 

710 

1 4 

830 

90 0 

0 

1 0)2 

99 84 

.385 

494 

8490 

8342 

20.880 

1 5 

7li» 

97 2 

5 

0 904 

99 77 

385 

470 

308 

709 

070 

2 2 

.570 

SH 2 

15 0 

0 084 

09 93 

315 

525 

208 

000 

310 

0 5 

220 

92 2 

28 0 

0 980 

99 05 

420 

5.30 

849 

900 

928 

0 0 

887 

95 0 

13 0 

1 017 

99 84 

380 

470 

147* 

9213 

10.710 

1 7 

85* 

97 0 

2 5 

0 901 

99 90 

405 

525 

429 

925 

520 

1 0 


95 2 

20 0 

0 998 

99 94 



210 


200 

2 8 


88 0 

H .5 

0 097 

99 80 



320 


487 



92 0 

5 

1 000 

99 (‘.7 

380 

480 

142* 

8015 

15,000 



97 8 

5 

0 989 

99 93 

315 

398 

1.37 

44.5 

104 



84 2 

17 0 

1 021 

99 80 

375 

485 

140* 

8220 

22,500 



98 1 

1 5 

0 905 

99 78 



150 


1.50 



80 0 

13 0 


• Peoetrfttlou at 77* F. 





CHAPTKli XXIX 


HEAT TESTS 

Test 13. Odor on Heating. Thi.s tcsl servos as a valuable guide 
for identifying bituminous materials, The f illowmg substanees in partie- 
illar may Ik‘ recognized when pres(‘nt in the pure state or in admi.'iture 
with other substances, by their characteristic odor ('volved upon laaiting. 

Oil-ijas-liir Illicit, \\'aler-(i<tK-lar I’ltch amt Caal-lar l‘)l(lwx: Odor, acrirl, 
sharp and penetrating. 

lto(«/-(rtr I'ltctm: Odor somewhat similar to that of coal-tar pitches, 
also characteristic but less sharp and inten.se. 

Fali\i-a(-i(l Filches. Odor sweetish and bland, also characti'ristic. 

Asphalts (including nativ<' and pyrogenous itsphalts); Odor oily and 
some cases .slightly sulphurous. 

(litsoiiik: Odor characteristic but cannot very well l)c divscrils'd in 
words. 

Test 14. Subjection to Heat. Certain bituminous substances lie- 
liave in a characteristic manner upon sidijecting them to the influence 
of heat, which .also assists in their identification. 

Test 14a. Behavior on Melting. Some hituiiiinoUH intiterinlK pnss nipHily from 
l)u' Mflid to the )i(|Ui(l >>t:ito on h<‘ftting, ok for ('xatnpio tlio iiiin(>r:il waxeK, moat of 
lh<‘ native jwplialtji, rosnlnal fi^phalts, fsludge n^pludtH, |M‘al-tjir pitch, Iignite-tar 
pitch, oil-gas-tar pilcli, wutcr-ga.s-tar pitch, arul tlic coul-tar pilches On the other 
hand, many hituminous materiiils, oRpecially thttse of a low Kuscepliinhty fiichir 
(Test 9fi; melt sluggishly, and ikuw through an intermediate "pasty” stage; as 
for example blown petroleum .asphalt, wurtzilite asphalt, asphidtiies and the siifKini’ 
fiable fatty-acid pitches 'I'he same is manifested by any ))ilumm<jus materials 
containing large proportion of mineral matter, also those whndi have Is'cn sul- 
phiiruisl Capp and Hull have devised a method for depicting this graphically.’ 

Test 14b. Behavior on Heating in Flame. This test is cs^iecially useful for 
hard and solid bituminous materials, anil constitutes a rapid methiKl for distin¬ 
guishing lictween those which are fusible and infusible, Kusilile liituininous sub¬ 
stances, including the mineral waxes, asphalts, asphalt ite.s and pitches will liehave 
in one of the following ways: they may simply soften and flow, as proves Ui l>e 
the case with mineral waxes, asphalts, gilsoiiiu*. glance pitch aqd the true pitches. 
If moisture is present, these sulistanws will decrepitate (irahamite acts in a 
characteristic manner, those varieties shouing a hackly fracture, soften, split and 

‘••A Method for Ftudyina the Efferu of Teniperature upon the Phyeirnl Coniition of A»- 
pbalU, Waiee, etc.,” by J A C»pp end E. A Hull /'w Am Hoe Te$Ung Mulertalt IT, 1127. 1017. 
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ASPHALTS AND ALLIED SUBSTANCES 


burn in ihe flame, whereas those showing a coiichoidal fracture decrepitate vio¬ 
lently even when no moisture is present. 

The asphaltic pyrobitumens also Ijchave m characteristic manners. They will 
not fuse in the flame, but when dry, act us follows; elutcritc and wurtzilite burn 
quietly, ulbertite intumesecs, whereas irnpsonite dccrcpilates. 

Test 16. Fusing (“Softeniag") Point.’ This constitutes one of the 
most valuable all-around tests. It is used for purposes of identifica¬ 
tion, espctially with materials fusing at a high temperature, such as 
the asphaltitcs, and is particularly useful in this connection upon tak¬ 
ing into consideration the speciHc gravity and hardness. It is also 
used for ascertaining the adaptability of a bituminous material for 
certain definite usages, including its resistance to the sun or artificial 
heat, 'rhe fusing test serves to gauge the uniformity of supply, and 
on account of its rapidity and accuracy, is used extensively for pur¬ 
poses of factory control. Stweral methods have been proposed for this 
purpose, viz.: 

Test 16a. Kramer-Sarnow Method. This method is rapid, accurate, and adapts 
itself either to soft or hard bituminous materials, from residual oils up to gra- 
hainite. Ita range is greater than that of any other fiising-point method. 

It was first propased by G. Knuncr and G. Sarnow.* Various modifications have 
l)oen suggested from time to time * 'I'lic author has made a careful study of this 
method, and recommends the following procedure;* 

Sithstancen hmng Ulow the HoUing'poinl of Water. This method consists in 
heating a plug of the bituinmruis sub.stani!e inrn. long, in an open gks.s tuh*. 
fi-7 mm. internal diameter, and about 8 cm. long, the [dug siqiportmg .5 g mer¬ 
cury, and the tulw liemg immers(;<l in a ves.sel of water, the level of which reaches 
approximately the e(*ntre of the mercury C(dumn. in making the test, a thennnrn- 
eter is su8|)en<le<l m the liquul, so its bulb will be at the same l(>vcl as the j>lug 
of bituminous material. The thermometer is supported in a separate glass tuk of 
the same thickness and diameter ns the otliiT tube, but differing therefrom in 
having its lower end sealed, and <‘ontaining sufficient mercury to surround the bulb. 
The water is heatefl at a uniform rate of 4* F. [ler minute, and the temp<‘rature 
at which the mercury dro|W through the plug of bituminous materia) recorded lus 
its fusing temperature. The tube containing the bituminous substance may have a 
mark etched 5 mm. from the end, ns a cxjnvcnicnt guide for the quantity of bitu- 

‘ Th<? term " fiiBing-poinl ” hj» been IhnniKhnnt tJio text in place of the phrase " moltinit* 
point,” since llie former is more expreiwiM* of the behn\iorof fiisihir hitiiminoim siibstanrps under 
the tnfliienee of heal They pass yrnilunlli/ from the solicl to the fntmd romlilion, the transition 
takiiiR place ahmU, ohior to the heferoReneons rhnraeter of tlie sni'afanere preaent The phrase 
’■ meltinR-iMiinl " is more appropriately applied to cliPinical eid'etances haMiiR a definite eomixsi- 
tion, which melt aharply, and within a narrow teinpewturo rauRe. 

* Chem In.l. It. .'if), im 

•B M. MarRoachea, (hm Hft Frtl-Hart-ln'i. 11. 277, 1904. M Wendriner. Z. ar.O'^r Chrm . 
II, M2, 1905, E (Jraefe. f'ftcm Zril, SO. 29K, 190C>. Banert. ('him Znl. 19, .1S2. 1005. Offer* 
mi&D. Petroleum, I 2117. 1910. I. Barta. Petroleum, 7. 1.58. 1911: \ Al-elee, ('hfm Znt. W. 
249. t914. 

Improved Inetriiniente for the Ph>Biral TeetinR of Bitiiminotie Materials." by Iferbert Abra- 
|)pm, /V<K. <4"» Tithng Mattnah. f, ,57.5. 1909. 11, 673, 1911, 
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minous material to be intrmiuced. The plug of bituminoiM material may l>e iiltro* 
(Im-ed into the tube by inverting it and inserting fn>m its lower end well-fitting 
cork or wockIcii plug fastened to a stiff wire. 'I'he mercury is poured on same, 
and the plug raiseil or lowered until the ineni.'«'us of the mercury coincides with 
the mark etched on the tu)>e. The biluminou-s material is then melted at a tem¬ 
perature slightly aliove Its fusing-txiint and fxmred on t4>|) of the mercury, to 
completely fill the tulie, winch should lie warmed slightly. When ('ool, llie bitu¬ 
minous mutenal is Icvelleil off even with the end of (he tulie, whoreujKm the lulie 
IS inverted and the jilug withdrawn. Tim is illustrated m Fig. 173. 


S Mrrcv'f 

(■(V* Of 


o 


Flo 173. —Metho<l of Filling K. 
A S Fusing-Pomt 1'ul>es. 



Fkj. 171.-—Heating foil for K. Fusing- 
Point Test<*r. 


The mercury is measured from a heavy-walled wifwllary tulw of 1 mm. bore, 
terminating in a three-way cock, as illustrated al Fig 175, and calibrated to hold 
exactly 5 g. mercury at room temficraturc. The short limb of the tiilxi is con¬ 
nected with a movable reservoir containing mercury, the height of which is adjusted 
so the mercury in the capillary tuk* exactly reaches (he graduation. 

The heating is conveniently effected by an electrical cjcvice descrilicd by the 
author,* illustrated in Fig. 174, compoHed of a coil of resistance wire to lie immersed 
3m Ttttxn^ ifoCmo/#, 9, 577. 1009. 
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IQ the liquid bath containing the fusing-point tubes, and connected with a rbeoetat, by 
means of wh[ch the temperature may be controlled to a nicety. Three slabs of slate 
or a8l)estf)s-cement, a, b and c, arc fastened together with three small bronze bolts d-1, 
ti-2 and (IS, also three large bolts, c-1, e-2 and eS enclosed in glass tul)cs / and g 
respectively, to prevent short circuiting. The coil h consists of 10 yd. of cotton- 
covered No. 30 nichrome resistance wire wound in a single layer around the tubes, 
and connected with the l>olts c-2 and eS, which in turn terminate in binding-posts 
i and The cod after being assembled is treated with a high-grade insulating 



Fiu. 175.-K. & S. 



varnish and baked until hard. Ten holes are drilled in the slab a, three c, for the 
large Indts, six k for the fusing-point tulies and one /, for the thennometer tube. 
The coil as dcscrilied offers a resistance of 75 ohms, and allow’s a passage of approxi¬ 
mately 1.5 amperes at a potential of 110 volts. It will raise the temperature of 
SOO to COO c.c. of water to the boiling-point in a few minutes, when the full current 
is applied 

The apparatus is assembled as illustrated in Fig. 175. The heating coil A 
carrying the thermometer H and the fusing-point tubes C is counterbalanced by the 
weight /), so it may be raised or lowered into the beaker holding 500-6(X) cc. 
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of water. The heating coil ia connected with a rheoetat F and a’switch 0 in jwmllel 
uitb an 8 c.p. ineandeacent lamp // Itehind the l>eaker to illuminate the fusing- 
()oint tul>e8, and a <12 c.p. lamp I to light up the interior of tl>e apiiarntus; J 
represents the mercury lueasuring-devi^'e, and K a <lock from which the lioiir hand 
has been remove<l, and the dial graduated in 240 divisioiui represi'nlmg degrees 
Fahrenheit. The rise m teiu|K‘rature is synchronized with the niinuti' h.-iml j»f the 
clock and controlled liy the rheostat to merea.se fiattly 4“ K. ;»«r mtnw/c. I'hi* initial 
temperature of the water should Ik? at least 25* F lower than the fusing-|)oint of 
the material to Ik? examined. Six tests may be run snmiltaneously. 

The healing coil is simple to construct, easy to o|M'rale, and insun's a [lerfect 
temiK'rature control. Owing to its skeleton construction, the bout is rapidly dis¬ 
sipated, and there is no danger of the coil liurning out, provided it is kept immers'd 
in the water while the rurit?pt is on. In the author's laboratory, ’vhere the coils 
are in daily use, they last from 2 to 3 years, and when burnt out, the wiring ln.■l^ be 
renewed in a few nmmt<''' time. 

Huhgtances Ftmng nbwe the liothng’jxymt of M u/cr In this ease the heating is 
performed by a direct Hame, as illustrateil in Fig. 170, the water Is'ing n-plaeixl 
with castor oil which may lie heated .safely to about 000“ F. 'I'his method may 
be usix] for determining the fasmg-iioint of asplialliles inchuling grahaniite A 
sn>all (tuantity of the high fasing-]K)mt bituminous material is |K»udi‘i<'d .'ind com- 
pixissed in the lower end of the fu.smg*|)oint tube, whereuixin it is carefullv healed 
above the flume of a burner, until the plug of bituminous inutenal softens and 
fuses to the tube, which is evidenced by the color changing from a dull to a ghissy 
black. The tul>e is then stood upright against a block of w(kk 1, a snug-fitting glass 
rod inserted in the upf>er end, and pressed against tin* softened iuttiniinonH rnaterml 
to compact it into a solid mass 7 to 0 inm king On cooling, the plug is then 
carefully scraped from tlie lower end of the lube mifil rjadly 5 mni remains, 
leaving an air space 2 to 4 mm between the plug and the lower end <>t the IiiIm'. 
Care should Ik.- taken when .Misjamding the fuMiig-poitii IuIk* m the healing bath to 
allow the free .space below the plug to remain filled with air, otherwuM* oil will 
come in contact with, and prematurely soften tin* bituminous material. The bath 
!•» heated at the uniform s|>eed of 4“ F. |)er minute ‘ 

Test 16b. Ball and Ring Method. Thi'^ inethoil Inus liecn ailoptiHl hv t lie Anieni'an 
Society for Testing .MatenaN- The apparatUH illustrated in I ig 177 ami ioiisihIs 
(» f the following “Ud a hra.'^.'' ring l.i >'7.') miri (J in » in iiinde diaiiieliT ami Ci iri mm. 
ij in ) deep: thiektie-^s of wall, 2 3.S nun > in jn-i llll•-'•lble vanation on iiiKide 
diameter and thicknes.s of ring, t).2.) nun (Obi in i. 'I'Iih ring shall be allaelied in 
a eonvenient maimer to a No lo It it: S gauge hnws wire (diameter 1.70 nun. ^0 0703 
in }. (k) A steel liall 0 .'>3 nun (? m i in diameter W’eighing between 3 4.^ and 3..Vi g. 
(f) A gla.ss ve-sel. e.apahle of being heateil. not les.s than K cm. (3 31 in I in diameter 
by 10.) cm (1 13 in i dtrp (A tiOtf-e c. beaker, (Iriflin low form, mia-tH lliis requm?- 
nienl.) (d) A thermometer winch shall conform to the following specifications: 
Total length 37(M(XI mm., diameter O.'i 7..'i mm., bulb length not fiver 11 mm., bulb 
diameter 4..W)..5 mm The .scale .hIiuII Ik* eiigravcfl uihui the stem of tin? thermometer, 
shall be clear cut and distinct, and shall run fnun 32 to 170' I', m !*. divisions. 

‘■‘Improvwl Inatrumpiit# for the Physiral Tfulinit of Bituminoua MalermU,” Prof An. 
Tt$hna .Xftitrrtali, 11, 074, 1011 

*“ Standard .MpiIkhI f«.r Dt-Orromalion of .^ofo-uinit Poinl of Hitummoiw .MiiOrialf ollif-r tlian 
Tar Prodiicta” (K»n«*»nd*Batl Mfth<»d), Serial Do»«nation. 1) ;W-10. A S T M MiaiHlanU A«lop<od 
in 1010, pantpblet, p 60 
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It shall commence not less than 7.55 cm. above the bottom of the bulb. The ther¬ 
mometer shall be furnished with an expansion chamlier at the top and have a ring 
for attaching tap. It shall be made of a suitable quality of glass and be so annealed 
as not to change its readinp under conditions of use. It shall l)e correct to 0.5® F. 
as deU'rmined by comparison at full immersion with a similar thermometer calibrated 
at full immersion by the U. S. Bureau of Standards.” 

“The sample shall be melted and stirred thoroughly, avoiding incorporating air 
bubbles in the masw, and then poured into the ring so as to leave an exc(*s.s on cooling. 
The ring, while being lilled, should rest <m a bras.s plate which has been amalgamated 
t<i prevent the bituminous material from adhering to it. After cooling, the exee.ss 
material shall be rut off clcunly with a slightly heated knife.” 




From A S T M Standards 
Fkj. 177.—B. and It. Fusing- 
Point Tc.ster. 


A’aMonrcs Fu-nng hdou' F. ” As.senible the apparal us as shown. Fill the gla.ss 
vessel to a depth of substantially 8.25 cm. {3.25 in,) with freshly boiled, distilled water at 
41® F.' Place the ball in the center of the up|H‘r surface of the material in the ring and 
susiiend it m the water so that the lower surface of the filled ring is exactly 2.54 cm. (I in.) 
above the bott<im of the glass vessel * and its upper surface is 5.08 cm. (2 in.) below the 
aurfact* of the water. Allow it to remain in the water for 15 minutes before applying 
heat. Su-s|x*nd the thermometer s(» that the bottom of the bulb is level with the bottom 
of the ring and within 0.035 oin. (} in.) but not touching the ring. Apply the heat 
in such a manner that the temiH*rature of the water is raised 9® F. each minute.” * 

I The (tee of fresh))’ boiled distilled water is eesentia), ns otherwise air bubbles mny form on the 
specimen and affect the aceuraey of the results 

* A sheet of paper placed on the bottom of the glass vessel and conveniently weighted wilt prevent 
the bituminous material from sticking to the glass vessel, thereby saving considerable time and trouble 
in olMDing. 

* Rigid adherence to the prescribed rate of heating is abeoiutely essential to secure accuracy of 
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*‘The lemporature recorded by the llierinoineter nt the in;>tant the bituminous 
material touches tlie IxUtom of the jtlass shall lx* rc|X)rt<‘<l jis the soffeiimK |Hnnt.” 

h'lmng tthtur iny F. "Use tlie same inethtHl as (jiveii alxive, exr<*|>t 
that glycerin shall H' used instead of water.” 

The (‘lectrical lioatiiiK n)!! (h'scnlHni in Test Iki may U' usixl to iroo<l advantaice 
in the-Ball-umUKinK method, but the leriKth of mchrome wirt' should t>e nntmaHl to 
6 yd., to provide for tlx* more rapid heatitiK of the bath. 

Tests made by the author mdieate that tlie Balt'ambltuiK fusinK'iminls range 
15 to 25° K. higher than tho.s<> obtained by th<‘ K and S melluMl. 'I'his relationship 
hold.s true n*gardlesa of whether the fii.'ing-iwint of the material i.s low or high 
Test 16c. Cube Method. This metluMl is rrstm tisl to testing tar-pitehes.' 

For Pitches Fusing hdoie 171)"' V The billowing metlaxl has Ikhmi pro|«iM‘<l by 
the American Society for Testing .Materials • 

"For the pur|M)se of shortening llie time required bir ti'simg, hard pitches having 
a softening-point bet\M-en KHI I and I7b F are enolnl at (i(»“ I*', instead of at 1(1' F. 
ns pH'scribed bir soft pitch<*s. 'I’he apparatus is illustrati**! m Fig 17s and shall 
•‘onsjst of the following" (u) .\ mold snitahle for forming a 127 mm (i m ) cuIm* of 
pitch; [ft) All Iv'shaixal riglit-angh'd lHs»k made of No 12 B A S gauge eopiwr win* 
(diameter 2.05 mm =0.0S(IS in ) the foot of which shall be 2 54 «'in (1 in I long; (c) 
A glaiss ves.sel, eapable of being healed, not les.s than 11 cm (4dd in.) in (harncl<*r 
by 14 cm (5.51 in.) deep ’ Id) A thermometer which shall conform to the following 
spiTifications. I'otal length d70 100 mm. <hani«‘ler (i5 7 5 mm, bulb length not 
over 14 mm., bulb diameter 1 5 5 5 mm. Tin* scale shall Ih‘ engruvcHl u|)on the Mleiii 
of tin* thiTinoincliT, shall be elear <‘ut and disfinet, and .shall run from 32 to 170'’ F. 
m F. divi.sions It .shall e<minienee not los than 7.5 em alnive tin* Ixittoiii of the 

bull) The thermometer .shall be fiirnisbed with an e\|Kinsion ehnmlH-r at the (op 
and have a ring for altaehing tags. It shall be made of a suitable (|uahty of gliuss 
and be so anneiihsl as not to change iis re.admgs under eondilioiis of us<‘ It shall Is* 
correct to 0 15° F. as dctcrnmied hv r*»inpaiis«)ii at full immersion with a similar 
thermometer ealihratial at full imiiMrsion b\ ihe U. S. Bureiui of Standanis. ' 

"'rhe pitch shall Is* foniieil into a 12 7 mm (.\ m.) cula*. Iriilv shafHsl and with 
sharp edges, either hy melting and |H)uring. or softening and pn‘.sHmg into the mold. 
In all eases an cxeess of |)ilch shall be use4l and Ihe surplus material shall lx* eiit'ofT 
cleanly with a slightly heated knife. Tin* hauler pitches specifiisl can ordinarily l)c 
nu)ld<>d at room temix*rature. the softer pilches in water at alxmt 40° 1'. If they 
are melted, (hey sliouhl first he (horoiiglily stirnsl. avonhng mcorporatmg air bubbles 
m the mas.s, and (hen |K)ure<l into the mold so as to leave an exe«*HK on cixilmg. The 
mold .shouhl n>st on a brass fdale ainl the surfaee of the plate ainl the inU’nor »urfiiw‘ii 
of the mold should be amalgamated to prevent (he pitch from adhering to them.” 

"A-wmble the apparatus as shown. Fill the glass vessel with freshly Ixiilcd 
distilled water * to a depth of substantially of 0 .'i em. (3 75 m.}. With pitches having 

rrtwlU The rate ot rwo of lenifK-rature shait t)e umf<*riii snU Mliall i»ol »)e uveriKed over the period 
o( the test The maximum iM-riiiisHible variation lor any riunuO- istkkI after the hrat three ihtll be 
0 9° F All teat* in whieh the rate of rw m temiiersfure eieeeda ihea*- liiiiita ahall Im? rejected 

‘■'Mothoda for Tintin* Coat Tar. and Keftned Tam. Oila, and Pitehr-a Derived Tberetroni,” by 
8 R Chureb. J Ind Emi Chrm . I. iW. 11111; 1. !9.'>. 1913 

»“Tentative Me'hod for Delerimnalion ol Hofteniii* Point of Tar Produet*~rube in Water 
Method"—(Serial Deantnation: I) «I-19 T I. A S T M TetUahre Stnndnnh for t!Hn. p 7fii 
» \ 600*e e beaker, (Jnffin low form, meeia ihia reginremenf 

‘ The HIM* of freshly diatjllc<l water it inwiiiial, a* othcfwi«<- ;iii bubbku may form on the e-'»e and 
retard Ut tinking. 
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softening-points below 109.4® F. the temperature of the water shall be 40® F., and 
with pitches having 8oftcning‘|)<)int8 between 109.4 and 170“ F., the temperature of 
the water shall he (50° F. Place the cube of pilch on the wire as shown and su8i)end 
it in the water so that its lower edge is exactly 2.54 cm. (1 in.) above the bottom of 
the glass vessel ‘ and its u|)per e<lge is 5.08 cm. (2 in.) below the surface of the water. 
Allow it to remain m the whUt for 15 minuUw before applying heat. Suspend the 
thermometer .so that the bottom of the bulb is level with the bottom edge of the cube 
of pitch and within 0.(535 cm. (J in.), but not touching the cube. Apply the heat in 
such a manner that tin' temiK’rature of the water is raised 9° F. each minute.* The 
temperature recordetl by the thermometer at the instant the pitch touches the bottom 
of the glass v(‘ss<*l, shall be reported as the softening-iM)int.” 

“The limit of aeeuraey of the test is ±0.9° F." 

For Fitvlirs Fii.siii{f alum’ 170° F. The heating is fierformed in an air bath in the 
apparatus I'lusirated in Fig. 179. TIk* cube slmuld be suspended in line witli the 
observation windows, and tlie thermometer bulb bnuight to the same level. The fein- 
[lerature is raisisl 9° F. fier imimtc, and reeorded by the thermometer when the cube 
drops 1 in. 'I'o make the results oiilaiiKs) fiy this mi'thod correspond approximately w'ith 
those obtained m water or oil. 12'' F. should be added to llie observed fusmg-pomt. 

Investigations of the relationship betwwn the Cube and the Ball-and-King methods'' 
indicate that the results vary considerably, depending largely upon the nature of the 




Fn;. 17H. -Cnbc-m-W'uler Mctliod for Fui. 170.—Cube-m-.\ir MetlHsI for High 
I./OW Fusmg'pnmt Suhstance^. Fusing-point Substances. 


products tested and their fusing-|)oiiits. No exact factors can be given. The relation 
between the fusmg-pomt by the CuIh' method with the nwilts obtained by the Schuttc 
consistency tester,(he Englcr viscosimeter and the float test liave also been investigated.^ 

‘ \ shrol of piijMT |)lin'«‘(t on the botlnni of tho itlase vpsacl anU convonirnllv wciithtPit vmU prcvpnt 
tin* intrli from sOi'kiiiit lo tlio jilii'w ihorcby roiisMternblp lime .iml fnmblc in eloomiin 

* Itigid adluToiKi" fii tho prosoMbod riito of hontiiiK ‘8 iibstilulcly resold ml ui order to arourr arruraoy 
of rrauUs Tlio rate nf rise of trniprnitiiro ahull be unifurnt and ahidl not bo averngod over the period 
of the test. The innxiinum perininsiblr vniiatioii for aiiv miniitc period after the first three shall 
ba ±0.09® r. .\11 tests in whioh the rate of rise in temperature exoeeda these limits shall be rebooted 
*"Mctho<ls for Delorniiiiintt tho Melting*Pomt of Asphalts," by J G Miller and P P, 8har(>!c8, 
Proc. Am. Sor. Ti’.\lina .Vn/ono/r, 14. Purl II, 50a. 914; "Report of Sub-Comimttee on Softening 
Point,’' Pior. -4ot Sor Trxliny Mafinnln, II, Part I, 341, 1915. 

*" Keliition between tho Moltiiig-Puint and the Viscosity of Kefinod Tars,” by P. P. Sharpies, 
/. InJ. Hay. Ch,m., 4. 2s:., 19U. 
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Test IM. Flowing Temperature. This li*st has Iwh l»v ChfTord 

Ri(*llar(^.s^>n ’ and canisists in licating a small cuIk" measuring 1 ou mm. on a nmT«>- 
geopic rovcr*Kla.ss (Nn 2-0) (loaled nn the surface of mi'rciiry (or soUlcr m I he eaw* 
of the very high fusmK-|>omt asphalts or a>pliallitcs'. m a iha'p o/, seamh^s tin 
iMix (American (an (’o.) rK5 cm m ihaim-ter and do cm, dn-p. liihsl to a distance 
of i in. from the (op, with inerciirv or solder, 'I'his i> covered with an nueited 
funnel from which the stem has lasai cut and a tln'rmonieter intnMhici'd through 
(he orifica* until the hull) is immersial. 'riu' h«“at is increased at the uniform V|Ha*il 
of 0° F. |M'r minute, and the (enijMTalun* naairded when the sjM'cinicn spreails out- 
in a thin film over tlie cover-ghuss. 'I'liis is designated as its '‘thiwing-point 

Test 16. Volatile Matter. Tliistt's* istisodforidctitifviiigvariimshitii- 

iniiiotis nintcritils. 'I'liiis in tln‘ ease of asphalts, i1h‘ volatilization test will 
often st'i’ve to idtuitify soft nativ(‘asphalts which (‘ontain larger |«*ret‘nt- 
ag(‘s of volatil<‘ matter than soft residual or blown peiroleiim nsphalts. 
('nt-haek prodnets also carry a large pia'ci'iitagc of volalilt* constiliK'nls. 

'Pile test ma> also he Used to dcteiiMiiic tlic ad!iptahi)it\ of a hitumiimus siih- 
slaiiee for <‘<‘rtam deiimte purposes, ulieie it I'cciiines ni'i'e.ssarv to heat |1 to higli 
(<‘inpeialures, ii'^ for example m the paving iiidii''ti\ m in maiiiifaetiinng hitiiiiiini/eil 
loofiiigs and fhH>rmgs. It likewise sci\es as a xaluahle adjiiiiel htr gauging the uni- 
forniilv (*f Kiijiplx ainl for purposes nl fa<'1c»rv eontrol. It als<i finmslics an iiuhnilion 
of (he wi'idhcrpriHtf propc-rtics of the material. Other (lungs hemg e(|Ual, hitimimoiis 
suhstaiices showing tlie smallest pen-entage of volatile iiiiiltei will prove most weather¬ 
proof on exposure to tlie elements. It should he noted, howevei, that the vol.-itililv 
1<-st aloiM‘ must not he taken as tlie litial enterion as to whether oi not a lulummotis 
Mihstanec is weatlicrpioof, sinee other factors should also la- taken into eonsideiatioii 
(sec p. dlo). 'Pile volatility test may he leganled as an aeeeh-raled (i-st. showing the 
loss of vol itile eoiistitiients exehisixe of wiiti r whii-h will t.'ike pla-e upon cxposiirr- 
lo till- weather m a relativi-lv thin laxei, for a long time. 

• 'Pile following m«‘t)iod lia< heen adopted hv the Atnerii.'Ui Soea-tv for 'I'esting 
Materials,* for determiiiiiig the loss m weight (exclusive of water) of oil and asphaltic 
cornpoundg when heated as di-serihed 'Phe nialcna! under exaiiiiiialion must lliere- 
fore first he tested for u.-iter, and if water is found to he presi-nt, it must la- removed 
hv suilahle methods of delivdraliori hcforc the malenal is suhjectial to the loss on 
liealing test, or another sample ohiained wlindi is fns- from wafi-r, 

"'Phe oxen may he either circular or rectangular m form and may Im- healcri hy 
r-itlicr gas or electncil\. Its interior ditni'iisions sli.-ill In- ils follows lleiglit, not lesM 
than Ih.hl cm. (It) in }; width and depth or diameter, at hacst 4 (tS cm (2 m.) greater 
than till- diaiiK-tr-r of the revolving shelf. It shall also ia- well ventilated and shall 
Ik- fitted with a window in the up|MT half of the door, .so plaeed and of suliicieni si*e 
to permit the accurate reading of the thermometer without o)M'ning the door It shiill 
Im- provided with n |H-rforat<*<l circular shelf preferably of approxmmti-lv 2-1 K cm. 
(O.Toin.) in diameter. {A recommende<l form of uluminium shelf is shown m Fig. 18().) 
This shelf shall Im- placinl m the c<-nt<-r of the oven and slmll be sus|)ende<l hy a vcrliral 
shaft and provided with mi’chamcal im-ans for rotating it at the rate of ft to (» revo¬ 
lutions fK-r minute. It .shall Im* provideil with n*cc*KHCH o(|ui<lis(ant from (he ca-ntral 
shaft in which the tins containing the sampU^ are to Im- plaei-d." 

J • "The Modern Agphalt Pavement. " 2fid Edition, 638 

’"TenlAtu’e Test (or !.oR.g on IlestinK o( Oil and Aaphallie Compounda" (Serifti OfifnAtioa: 
D6-10T), d S T. M TnUafitt St«tuiaTd»,/or I9!9,p.7H2 
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''Tkethemometer shall be between 12Jcm. {5k)andis.24cm. {6m)mi 
and the memy hulh shall he from 10 mm. (0.39 in.) to 15 mm. (0.59 in.) in 
The seak Ml he engmvcd on the stem, shall be dear cut and distinct, and shall nm 
from 302 to 347“ F. in F. iHvision^ and shall commence substantially 3.81 cm. 

(Ij in.) above the top of the bulb. Every hftb degree shall be larger than the inter¬ 
mediate ones and shall he nu/nUrcd . It shall be made of a suitable quality 

of glass and be so annealed as to not change its rtwlinifs under conditions of use. It 
shall 6e correct to 0.45® F., as determini'd by (•ompuri.son at full immersion with a 
similar thermometer ealifiratis! at full immersion by tlic U. S. Bureau of Standards.” 

‘'The container m winch the sani|)le is to Ik- U-stod shall be of tm, cylindrical in 
shape, and shall have a Hat bottom. Its inside dimensions shall bo sulistantially 
as follows: Diameter 55 mm. (2.17 in.); de|rth, 35 mm {1.3Hin.).”' 

“The sample as reetuved shall Ik> thorouKbly stirn^d ami agitated, warminf? if 
necessary, to insiiri! a complete mixture b(‘fore tlie portion for analysi.s i.s removed. 
Weinh 50 g. of the water-free materia! to b(‘ teste<l into a ture<I container of the form 
described. Brinn tin* oven to a temperature of 325® F., and place the tin laix con- 
taininfc the sample in one of the ree<‘sses of the revolving shelf. The thermumeter 
shall be immersed for th<‘ deptli ()f its bulb in a separate 50 sample of the material 
under test, placed m a similar contaiiUT, and shall be iMuiveniently susiKuided from 
the vertical shaft. 'I'his sample shall re.st in one of the reei'sses upon the sana* slielf and 
n.'volve with tlie sample or samples und<*r test. 'Hien close tlie oven and rotate the slielf 
5 to 0 revolutions jmt miimte during the entire test. Maintain the temperature at 325° 
F. for 6 hours, then nmiove the sample from the oven, cool and w<‘iKh, and calculate the 
loss due to volatilization. Dunnu the 5-h«Mir perio<l tla‘ tom|H*rature shall not vary more 
than 2° F. All tests showing a greater variation m temiMTature shall l>e rejet’ted.” - 
“Up to 5 |>er cent lo-ss In w'cight the results obtained may be considered as correct 
within 0.5. Above 5 per cent loss in woiglit tin* mimeneal limit of error increases 
0.01 for every 0.5 {K'r cent increase in loss by volatilization as follows: 


Volntilisation, 

Niiincripal 

'I'niP VtdithlisHlion, 

|M>r (Till 

(’orrpi'tioii 

(KT pent 

5 0 

±0 M 

4 ri) to 5 50 

5 5 

±0 r>i 

4 lit to 0 01 

(i 0 

±<) ra 

5 4S to (i 52 

1(1 0 

±11 W) 

<) 40 to 10 00 

15 0 

±0 70 

M 30 In 15 70 

25 « 

±0 !K) 

24 10 to 25 IH) 

40 0 

±1.20 

38.80 to 41 20 


“ Under ordinary circumstances a numlxT of samples having about the .same degree 
of volatility may be tested at the sami; time. Sampl(‘s varying greatly m volatility 
should be tested separately. Where extreme accuracy is re<iuired not more than one 
material should be testi'd at one time and duplicate samples of it should be placed 
simultaneously in the oven. Huch duplicates shall clieck within the limits of accuracy 
given above. Re.sults obtained on samples showing evidences of foaming during the 
test shall bo rejected. ” 

“When the ptmetration of the sample after heating is required, melt the residue 
at the lowest possible tcni|M‘raturo and thoroughly mix by stirring, taking care to 

> A 3-ot. Gill style ointment box, deep pattern, ful611s th<«e rrquirementa. 

* If additional periods of heating are desired, it is recommended that they be made in tueceMiv* 
i&erementt of 6 hours each. 
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avoid incorporatiiiK air hublih's in the in:uw. Ilicn hrinR it to the atamhird tom- 
[X'nitim* and to>*t ns ' 

The oven ordinarily employed for <leierininiiin the volatile matter, ilhistraled in 
Fi^. 1X1,is com|x>s<‘d of a eylmdrieal ve*v*iel with a hincial eovi'r. ’‘urnmmltHl by an 
insulaleil jaeket, with an air-spaei* in between aetmu as a line to carry tiff the hot Kastat 
generatial by tlu* rmK-liurner nnderneatli. 'I'lie teiniH‘rature may be eonveniently 
ifgtiliited by a inerenry tlierniostat 

An extension of this li^sl reeoiumendtHl liy the antlior. consists m healing the sample 
to ">00° K. for 1 hours. This is :oKiNible inexamming relatively non-volatile asplialtie 
prmiuds, which would show but a frai tion of a per « ent lt)ss by tlie foregoing method. 

Test 17. Flash-point. The flush point is list'd primarily for deter- 
mining tlie adaptability of bituminous substanees for eerlain dt'finite 

1 



Fig. ISO.—Shelf for Volatility Oven 


usages, ami serve-i as a eriterion of the tire liazani. It sliould lx* at least 
50° K. higher than the maximum fem|x‘ratur(‘ to whieli the biltiiiiiiious 
8ul)stance will k suhioctol in the pniw.ss of hIcniliiiK or utilization. 
This test is also sornotimes used for Kaittfinn the uniformity of supply 
and for pur[)oscs of factory control. 

A nundKT of fla.sh-point testers have lasm proposed, of which the 
following are most generally u.sr'd: 


Test 17a Pensky-Msrteas Closed Tester. Thw apparatus has \tnn adopted 
as standard i,v the Government of the I n,led Slates, and foreip, KovemuK'nl. to 
testinehieh flash-point bituminous materials I lie msimmeni is diustrated in hig. 182 
and eonsists of an oil eup «, in a metal heating vessel li, surrounded with a flim^ 
top to prevent l.«» of heat by radiation. An onfiee e ,«rniits tte overflow of the 
oil into the jacket d between the oil eup and the heating vessel. U is likwise pro- 
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vided with a mcciianical stirring device c, the tliemioineter /, the test flame g, 
burner i, wir(\ screen and spring k to work the slule under the test flame. 

The approximate flash-point is ascertained by a preliminary test. The melted 
bituminous substance is poured into the Pensky-Martens tester, which should be 
perfectly level, taking care not to splash any on the sides of the cup, or to cause 
any froth on the surface. All bubbles should l>e pricked with a heated wire, The 
test flame is then regulated to corres(>ond in size with the ivory bead on the cover 
(to burh 0.1 cu.ft. coal gas per hour). The burner i is lit, and the contents heated 
rapidly at first until the temiicraturc reaches 50® F. below the exixjcted flash-point, 
whemupon the rise in tcmiieraturc should lie controlled to increase exactly 5® F. 
per minute. At each degree the milled head k is turned and the flame y tilted 



Coiirtcay of Wm nocket A Co. 

Fkj. 181.“Volalility Oven. Fio. 182.—Pensky-Martens Clo.scd Flash¬ 

point Tester. 


into the cup for exactly one second. The test is continued until the flash-point occurs. 
Any slight flickering or spreading of the flame is ignored. The end point is evi¬ 
denced by an unquestionable flash. The apparatus should be protected from 
draughts, and the sample stirred continuously during the test. If the thermometer 
is graduated to read for total immersion, the stcm-correi^tion should be applied. 
When this is done, it is su^sted that “corr." be added to the reading, thus: 

I-Tash 379® F. corr." 

A simplified form of Pensky-Martens tester for approximately determining the 
flash-point, consists of a glass beaker or metal cup having the same dimensions, 
namely 5.0 cm. in diameter, and 5.5 cm. in depth, filled to within 1.8 cm. of iU 
upper rim with the material to be tested. This is supported on a sand bath and 
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the thermometer bu!l> immersed in the bituminous matcriiU without, however, 
touching the sides or l>o(tom. The test tlime is adjusted to a 3 mm.* rross>scction, 
and the test i)crforined evictly as de.scril>e<i for the !*eii.sky*Martcns t4i8ter.’ 

Test 17b. Cleveland Open Tester. This apivimtus, illustmted in Fig. IKl, 
consists of u bniss cup o, liolding 100 cc, sufijMirted in an outer vessel b, with nn 
air space between. The thennoineter c is freely sus|K*nded in the bituminous 
material, so the bulb is totally eov«>retl. The cup is filled to \ in. from the top, 
and the bituminous material heated at the nite of 10“ F |H*r minute. As the 
fl;i.sh-point is approaeliod, the te*;t-tlaine, wliieli should mm. long, w slowly 

u oved back and forth, so the top of the tlame coiim's 2-3 mm. from the surfa<v of 


r\ 



I'ln. IKi.—Ovcliind ()|K'n I'laah-tioitit Fio. 181.—New York State CIohoiI FIiikIi- 
Testor iwi'd 'IVhlor. 

the liquid, without, however, touehiUK it or llic .sides of ihc eoiilaincr. This in 
refieuted every 2" F. rise in toin|xinilure until the viqvirs Hash.* 

Test 17c. New York State or Elliot Closed Tester. Thw is illuslrnled in Fig. 
184 and (sinsists of a 300<c. co|i|)er eonlaiiier f, healcri in nn oil hath />. llie 
cup is provided with a glass cover, carrying the thennoineter H and a hole for 
inserting the test-flame, the latter Is'ing .'i mm long. The test is carricil out hy 
heating the contents with the hurner A as in the foregoing, and the rise in tem¬ 
perature carefully regulated to 10“ F. [icr minute.* 

I ■■ FiMh Point o( (al,." Iiy I C Alltn .nil A S (.'r.a.fiel.l, Te. li P.|ier So 40. Peltnleum 
Teehnolosy 10. Ilei.t of Inlen-ir. Bureau of Mine*. W'Mh . I) f-*. lOKi 

• •• UlsiraUiry Manual of Bituminoiie M.teti.1..'' by PiAvoat llubbani, N Y . r,.',. lOlB. 
'•'Petroleum and lU Producta." by Iboeeton Ite<lwood. Volume 2. S77, 1900. "Uboratory 
Manual ol Bitumiaoue Maletiala." by Prfuat Hubbard. N Y , 06, 1910. 
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test 18. Burning-point. The burning-point u used to supplement 
the flash-pdint, and is of value in determining the adaptability of 
bituminous substances for particular purpascs, from the standpoint of 
fire hazard. The test may be performed in any of the apparatus 
described under fla.sh-point (Test 17). In determining the burning- 
point, .the cover of the tester is removed, and the heating, also ex¬ 
posure to the te.st-flamc continued in the same manner as for the 
flash-point, until the vapors ignite and continue to burn. 

Test 19. Fixed Carbon. This test is used solely for purposes of 
identification, and is generally re.«tricled to as|)haltic products rather 
than to tars and pitches, since the frec^ carlwn in the latter will inter¬ 
fere with the results. Accordingly, if this lest is performed on tar 
products, the free carlwn should l)e ascerlained separately (Test 31) 
and its weight deducted. 'J'he ixTcentage of fixed carlwn is especially 
useful in diffenmiiafing the a.sphaltites, the asphaltic pyrobilumens, 
and the non-asphaltic pyrobitumens. 

The lest is performed in the following maimer:' I g. of the material is placed 
in a platinum erucilile weighing 20-30 g., having a lightly filling cover, and healed 
for exactly 7 niinulcs, with a Bunsen flame 20 cm. high, the mouth of the hurner 
lieing 6-8 cm. below the bottom of the crucible. The lest should lie made in a 
place free from draughts. The crucible is then transferred to a d:siccalor, cooled 
and weighed, whercuimn the rover is removed, and the cnirible ignited over the 
full flame of a Bunsen burner, until nothing hut ii.sh remuins. Any carbon dciKisilcd 
on the cover is also burnt off. The weight of the first residue less the weight 
of ash gives the weight of fixed carlsm, which should lie calculated in percentage. 
If the ash contains carbonates, it should lie treated with a few drops of aninioniiim 
carbonate solution, and heated a minute or two at red heat, before cooling and 
weighing. 

In the presence of mineral matter, the percentage of fixed carbon shoulil lie cal¬ 
culated on the basis of the non-mineral constituents. Mineral matter docs not 
vitiate the results ns it merely acts as a diluent. Thus a pure grahamile containing 
0.2 per cent mineral matter and .^2.22 [ler cent fixed carlion, when mixed with an 
equal weight of clay, tested 26.33 per tent, equivalent to 52.7 per cent fixed carbon 
on the basis of the non-niinenil constituents present. 

Test 20. Distillation Test. The value of this test is to a.seertain 
the adaptability of bituminous materials for a given use, generally for 
road treatment: also for gauging the uniformity of supply, for pttr- 
poses of factory control, and most important of all as a criterion of 
the quality. This test is generally applied to tar products as an erpiiv- 
alent of the volatility test (Test 16). Two methods are generally 
employed, one known as the “ Flask Method ” suitable for bituminous 

'J. Mm. CA«m. Soe . tt. lllfi. IR09. “FumI r»rbon in Bituminoti* ^falerl8l•, Ita Datarmina* 
tioo aad Valua in Bpenflrationa,'' by I. KirvrhbrsuD, Eng Ctnir , St, I73. 1013. 
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materials intended for road treatment, iiirluding l>oth tars and acsplialtic 
prcnlucts^ and another known ns the “ Retort Method ”* for testing 
creosote oil intendetl for impregnatiiiK timb<*r The hituniimms mate¬ 
rials must l)e dehydrated (Test 25), iH'fore la'ing suhjecled to distilla¬ 
tion. According to Sharpies' the distillation test as applied to tars 
Incomes of value in identifying the kind used (iqx ii (hdermining the 
specific gravity of the fractions distilled), as a means of distinguishing 
a cut-back tar from a straight-<^istil!ed tar (uptui determining the st)(»- 
cifie gravity of the fractions, their \iscosity, als(> the fusing-point of the 
resiilue), and for detecting the presence of abnonnal amounts of naph¬ 
thalene. 


Test 20a. Flask Method of Distillation. If wator is im'scMU, the ... 

material must hral l>e dehydrated Tins may l>c cniivetiKMitly ])erforiiied hy <lis- 
lilhii^' in an KOO-cc coj>|>er stili. provided with a 

\\ater-<*()i>icd condenser, the distillate lieiiig cuuglit m a 
L*(K)-c (• separatory funnel When all the water isexix'lled, 
the distillate is allowed to settle, the water drawn off and 
the oils returned to the n-sidue in the still after (he con¬ 
tents have cooletl liclow 'J12'' F 

'I’he apparatus as lusseiiiMed is illustnited in Fig IS,*). 

It consist.^ of ^.OO-c c. I'.nglcr (iistilling flask of (he follow¬ 
ing dimensions, diameter of hulh SO cm ; length of neck 
150 cm , diameter of neck 1.7 cm ; surface «if material 
to lower side of lulmiature II.O cm ; length of liihulature 
150 cm.; dnaincter of (uhulature 00 cm ; angle of tuhu* 
laturc 75°; with a ix^rmissihlc variation of 5 |>er cent from 
the furegumg meusureineiits 

The condenser tulic shall have the following dimensionB; 

Mlapter7() mm.; length of straight IuIk; IS5 mm.; wulthof 
tul.c 12 -15 mni ; width of adapter end of tulu? 20 25 mm. 



.V C4irefully standardized thermometer should U* n.sed ' Fns. 1K5 ---FlaHk Metli(Nl 
The cylinder used for collecting the distillate shall lia\e of Distillation, 
a capacity <»f 25 ce and he graduattHj in 0 1 cc Fhe 

hiirner should l>c provided with a Im shield 20 (‘in long hy 0 cm in <hame(er, 
having a small hole for uhserving the flame. 'Die thermometer hulh should Ik? 
placed op|K)site (he middle of the tuhiilature. Pour 100 ec. of the (l<‘hy<irate<] 
bituminous iiiatenul into (he Kngler fia?k and weigh 'I'hen commence to distil 
at the rate of 1 c.e. jier minute, ehangiiig the receiver us (he mercurj' column 
passes the following fractioning points, repirting the fractions hy weiglit and hy 
volume: 


suit to 110* C.; 110-170* C.; 170 235° C; 2.35-270* 0.; 270-;}00* and 
residue. 


*'* DutilUtion of Tar," J /nH Eng Chtm, 6, 4CS, 1013. 
*/V*r Am So( TeH\ng Matersatt, 17. Part I. 474, 19J7, 
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The residue is weighed after the distillation is completed and the flask cooled.' 

Test 20b. Retort Method of Distillation. This method is adapted principally 
for analyzing creosote oils suitable for impregnating timber.* The distillation is 
jierfonneil in a glass retort» having a capacity of 260-290 c.c. (measured by placing 
the retort with the bottom of the bulb and the end of the offtake m the same 
horizontal piano and iKsiring water into the bulb through the tubulature until it 
overflows through the offtake). The length of the offtake should lie 2.')-30 cm., 
its internal diameter next to the bulb approximately 2 Ho cm., and the diameter 
at the o])en end approximately 1 26 cm. The diameter of the tubulature should be 
approximately 1.9 cm. 



From A S T M HtnndRrda. 

Fro. 180- Asbc.’<tos Shield for Retort 


The condensiT tiil>e shall have the following dimensions: diameter of small 
end 12.6 min. with a variation of 1 6 min.; diameter of large end 28 6 mm. with a 
variation of 3.0 miii.; length 300 nim. with a variation of 4 0 inm. 

The aslieatoH shield for the rcb)rt shall have the form and dimensions illustrated 
in Fig. 180. 'I'he receiver shall consist of l*>lenmeycr flasks of 50-100 c.c. cafMicity, 
and the thcrinometor shnll be carefully standardized.* 

The apparatus is a.sscmblcd as illustrated in Fig. 187. K.xactly 100 g. of dehy¬ 
drated creosote oil are distilled at the rale of not less than 1. nor more than 2 drops 
per ae<*ond, the distillate lieing collected and weighed in the receiver. The condenser 
tulie should Iki warmed whenever necessary to prevent the accumulation of solid 
distillate, and the receiver changed as the mercury passes the dividing temjieraturcs 
of the following fractions: 210, 235, 270, 315 and 355® C. When the temixrature 

' “SUmiarU Mfth<x) tor Dtatillation of nitiinutiniis Msl^rnfa Stiitahle for Road Treatment,’* 
(Sorial Ooeiffnation. 1) 20-111) Hoot; of A .S T Standard*. MO. 

>"StAtuUrd Mi'thod for Hamplmg and Anabetn of Crcofmlo Oil” tSrimI I)r«ignalioti, I) 3H. 
17) .4. .s' T. M Standard* Adopted in 30 

’“Standard MothtKia for SnmpliiiK and .^nalytii of Cn'osotc Oil" (Serial DesiKnalion: D 38-17) 
d. S. T. M. Standardt Adopted in 1917, 30. 
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registers 365* C., the flame shall l)C removed from the retort, and any’oirwhioh 
has condensed in the offtake drained into the 355* fraction. The retort is ciwlcd 



From A. 8 T. M StsinlAnJa. 
Kk; 1S7 - IlHort Method of DiMtillntion. 

and reweighe<t to ascertain tlie amount of residue, which is generally tested hy the 
float test (Tost Jvf) The various fractions shouhl l>e rejxirted by weight and also 
by volume, and their speeific gravities calculated. 





CHAPTER XXX 


SOLUBILITY TESTS 

Test 21. Solubility in Carbon Pisulphide. The percentage soluble 
in car.bon disulphide is useful for purposes of identification, for ascer¬ 
taining the adaptability of a bituminous substance for a gi\'cn purpose, 
for gauging its uniformity of supply, and as a criterion of its (|uality, 
(i.e., purity, and conseriucnlly its intrinsic value). Crude bituminous 
materials arc often purchased on the basis of the percentage solul)lc in 
carl>on disulphide. The presence of non-mineral matter in.solul)le in 
carlK)n disulphide is an indication that the material has Ix'cn carelessly 
prepared and overheated in its process of manufacture. 'I he presence 
of mineral matter may I* regarded as an adulterant. In the case of 
native asphalts, the larger the percentage soluble in carlxm disulphide, 
the greater their intrinsic, value. 'I'lie percentage and composition of 
the mineral matter will oftcti indicate the source of the native asphalts. 
A.sphatts derived from petroleum are substantially free from mineral 
constituents, and with the po.s.sihle exception of the harder grades, con¬ 
tain little to no non-mineral matter insoluble in carbon disulphide. 
This test is sometimes employed for determining the value of tars and 
pitidies, although the solubility in hot benzol-toluol is generally used 
for this purpose (Test 24). 

With native asphalt containing over 10 per cent of mineral matter, 
it is !ul isahle to separate the portion soluble in carbon disulphide for 
a.scertaining its physical eharaetcristics (Tests 1-12), fusing-point (Test 
15), and sotnetimes fixed carlKui (Test 111). 

Test 3U. Solubility is Carbon Disulphide. The tests generally employed for this 
purpose have been devised by the Am. tSoc. Testing Materials' and arc .Hulatantially 
as follows, deviating slightly in phra-seology. 

The bituminous material should first be freed from moisture. If semi-solid 
to solid it may be heated in an oven 125“ C. for 1 hour, provided it is .substantially 
free from volatile matter at this temperature. If volatile materials are present, 
it should be dehydrated by distillation at a low temperature, the water-free distillate 
being return'erl to the residue, and thoroughly ineorporaterl with it. 

‘“Stundnrd Toul fur Soluble Bihimon*' (Si'rifil DraignaUiin. D l-tO, A S T M. Standar/U 
Adopted m .V28. "Tentative Sj>orificfttions for Aaplmll for IV in I>Hnip-proofii»K an.I Wairr- 
proofing” (Serial Di’aiguation; D 41>*17 T>, I'rof .tm Trshnp Matmalii, IT, Part I, 714 1917. 
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Sufficient of the dehydraleU material insure the presence of N2 ft sohihte to 
carbon disulphide is weighed into a 15()-cr. taro<i Krlenmeyer flask, jind 100 re. 
of <‘ [I carbon disulphide poured into the flask in small pijrticms, with ('ontiriuous 
agitation until all the lumps dtsapfx'ar and nothing adheres to the iH^ttorn The flask 
IS then loosely corked and set aside. From this iioint on. one of two methods may 
l)e followed, dei)ending on whether or not the liituininous materia) {‘ontains a suIh 
. stantial quantity of finely divided in.«olul»le matter. 

Proeetlure I sed tn the Presence of SuUsUintuil Qmnttiies of F\nel\i />tiKied*/»i.s(»/- 
uhle Matter. The flask is set aside to settle for 48 hours, and tlie solution decanted 
into a second tared flask, f>ounng off much of the solvent ns itossible without 
disturbing the residue The contents of the first flask are i^am treatiHl with a 
quantity of carl>on disulphide, shaken as liefore. and both the first and second 
flasks allowed to settle for another 48 hours 'fhe liijUids in both flasks are iln*n 
carefully decanted U|)on a weighed (hMich crucible (measuring 4.0 cm. wide at the 
top. tapering to .'1.2 cm. at the boitom. and 2..') cm. ilirp). I’arryiiig fri'shly igmteil 
long'lilinai ;imp)nbole (a-slx^ntos) compacted in a iavi'r not over J m. No vacuum 
I'i to lie used m filtering, and the tem)HT:iliire of the- lii|iiid kc])l Ix'lween O.'i and 
77’ F Th<- rcMdue remaining on the filter is Ihoroiigliiy washed with carbon 
disulphide until the filtrate liecomea ch'ar. Ihe flask.s are again shaken with fiesh 
carbon disulphide, allowed to settle for 21 hours, or until it is w'cii that u go«Hi 
subsidation ha.s taken place, and thereupon decanted through the filter The 
residues remaining in both flasks are washed until the woshiiif^ are practically 
colorless, all washing.s being pa-s.^od thnugli the (i(«K*h crucible 

Procetlure FoUoned xinth Matrnni't ('onUumng J.itlk to no Fvichj Dtndeil Insol- 
uhle Matter. 1'hbi mctiiiKl is Ui»cd for rapid work where the bituminouB material 
doe,s not contain insoluble matter which would clog fin* pon‘s of the filter After 
adding tlie carlKin dwiilphide, fhe flask is set aside for l.'i minutes, whereupon it is 
filtered (lirougli a weighed (uMH'h crucible 'I'he Inpiid must be decanted with 
care, and the decantation stopjed at tlie first sign of sediment coming «»ver 'fhe 
side.s of fhe flask arc washed with a small amount of fresh carlxm di.-ulphide, and 
(he sediment caught on the filter, using a “ |silicciiian,” if necessary, to remove all 
adhering material 'I'hcn wash rc'sidiie on f.lter with carbon disulphide until (he 
washings are colorlcas, and continue the smlion until the odor of carbon disulphide 
IS scarcely dcUKJtalilc. 'fhe outside of fhe crucible is cleaned by a cloth moistened 
with a small amount of the solvent. 

In lioth pr(M*edure«, (he cniciblc and contents, likewise (he two flasks in the 
first method, arc lieated for one-half hour at 220“ F., c«K»lcd in a desiicator and 
weighed. 'I'he difference lietween (he weight of Ihe dehydrated material taken 
for analy-sis and the weight of the residue, represcDts (lie jiroixirtion soluble in 
carlion disulphide.' 

The author finds that in the presence of large quantities of finely divid<‘d insol¬ 
uble matter, the method may lie materially shortened liy adding a wcightc'd quan¬ 
tity (about twice the weight of bituminous material) of freshly ignited, long-filiered 

• For ft diftcuiftion of the method, see “A 8tud> of Certtin Meihfxlft r«.r iMernni.ir.* Tol»l 
Soluble Bitumen in Pftvm* Mftteriftle.'' by S A^efy »nd R Corr. J Am .SV. M. «4S. 1006; 

“The Protimate Comp'isition and Ph^sl^■a! Mruoture of Trinnlft<J Atpbftlt. will. Ki;«--iftl Ilefererire 
to the Behavior of Mutiiroft of Bitumen and fine Mineral Matter.” by Clifford Kirhardaon. 
Proe Am .Soe TeWmo .Wo/maf*. •. m. IWW. •‘The Determination of Soluble Biluiiien.” bv 
Miibbard and Reeve. Prof Am Soc Trrttnt Maimaii. U. 420. )t)10. "Tbe Bitumen Content of 
Coarse Bituminous Aiwregates.” by Provost Hubbard. Prof. Ini Attoc Tftttrtf A/ofmaf*. XXV-2. 

1912 
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amphihole to the bitumimus substance in the first ffask. On shaking with carbon 
disulphide, t^e aslxstos serves to dilute fhe inso/uWe maf-ter, preventing the latter 
from clogging the [Hires of the Biter, and accordingly reducing the time of fiJtrstion. 
in many cases this procedure may be atiopted to good advantage. 

Test 21b. Non-Mineral Matter Insoluble in Carbon Disulphide. The total 
weight of the insoluble matter obtained in the foregoing test, includes both the 
Don-mincrul matter insolebio in carbon disulphide, and the mineral matter. The 
former is determined by igniting the residue in the (looch crucible (to which must 
be added the residues remaining in the flasks) until no carbonaceous particles 
remain, leaving only the mineral ash. Add a few drops of ammonium carbonate 
solution to the residue, ignite fur a few minutes at a red heat, cool in a desic.ator, 
and weigh. The loss in weight on ignition represents the non-mineral matter 
insoluble in carbon disulphide.” 

Test 21c. Mineral Matter. The residue obbiinc;! in the foregoing test repre¬ 
sents the mineral constituents. When calcium carbonate is present it is necessary 
to ignite the residue with ammonium carbonate Ijcfore fin.-dly weighing, a.s it is claimed 
that any sulphur present in the bituminous material reacts with the calcium car¬ 
bonate forming calcium sulphate and calcium sulphide.' The lo.s8 of any water of 
hydration from clays, etc., and the oxidation of iron pyrites to ferric oxide, will 
also affect the results (sec p. The mineral matter may be checked by igniting 

a fresh sample in a platinum crucible to dean a.sh, adding a few drops of ammonium 
carbonate, re-igniting and weighing. If the two r(‘sult.s do not agree, evaporate the 
hltrato containing the bituminous matter soluble m carbon disulphide {'lest 2hi), 
burn, Ignite and weigh the residue. The weight of the ash derived from the 
bituminous matter soluidc in carbon disulphide should be added to the original 
residue of insoluble, mineral matter (Test 21h). This may represent collodial 
mineral particles, which are not retained by the filter, or else mineral (wnstituents 
combined chemically with the bituminous matter (sec p. 

Test 22. Carbenes. The expression “ carbenes ” has been applied 
to that portion of bituminous substances soluble in carbon disulphide 
but insoluble in carbon tetrachloride. This term was originally pro¬ 
posed by (Mifford Richardson.^ This test is of value in identifying 
bituminous 8ubstc,nccs, gauging their tiniformity of supply, for purposes 
of factory control, and as a criterion of their quality. Certain hard 
native asphalts and asphaltitc-s, particularly grahamitc, normally con¬ 
tain a percentage of carbenes, whereas petroleum asphalts do not show 
carbenes unless they are overheated, or over-blown. If more than 0.5 
per cent is present in petroleum asphalts, their quality is to be regarded 
as questionable. Carbenes are found in tars and pitches in varying 
amounts.^ 

’"Analyaifc of Cftlcareoua Aiphaltum and Paving Mixturea," by Prattoar, Chem. Zeil., 18. 917 
and 926. 1909. 

* "Carbon Tatrachlonda and iia t'sa u a .Solution for DifTarantlatinK Bitumens.'’ by Clifford 
Richardson and C. N. Forrest. J. Soc. Chrm. Ind.. 84. 310, 190.V 

* "Soma Relations of the £^ect of Overheating to Certain Phyairal and Chemical I^pertiee 
of AqiNalts." by A. W. Ilixson and If. K. Hands, J. Ind. Kno. Chem, 9 . 651, 1917, "The \alue 
of the Carliene Beguirement in Asphalt Specifications." by L. Kireebbraun. Afuni'e. Eng., 88. 349, 
1909. 
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Ihia t€8t is c&med out by following tho sanio procodure aa in dotormining the 
solubility in carbon disulphide (Tost 2lii), I'ul replacing the latter, with carlxm 
tetrachloride. The carbon tetrachloride must free from carl»n disulphide, 
which may be insured by distilling it iimlcr a dephleginator, discarding any distillate 
telow 76’ C. The solvent is then filtered through calcium chloride, and any free 
hydrochloric acid removed liy blowing dry air through it. 

The c.arbon tetrachloride is allowed to act on the bituminous substance over¬ 
night, care being taken to keep the vessel m a dark plaie to protect it froiii day¬ 
light or sunshine.' Richardson propo-ses blowing a gentle current of air through the 
solution in the dark for I hour’ to coagulate the insoluble tiiatter and assist in the 
hitration. The difference lietween the ix*rcentiige8 soluble in carlton disulphide and 
carbon tetrachloride rcs|icclivcly, represents the [x-r rent of “ carbenes!”- 

Test 23. Solubility in 88° Petroleum Naphtha. Thi.s test is em¬ 
ployed mainly for purposes of idenlilitalion. It is also used to a cer¬ 
tain extent for deierniining the adaptability of a liilmninotis substanee 
for a given use, for ganging the tiniforinity of sti|)ply, and for purposes 
of factory control. As a general principle, the harder the bitutninoue 
product, tlie smaller the percentage that will di.ssolve in 88° naphtha. 
Asphaltites arc relatively insoluble in this men.strnnm. .Mineral waxes, 
peat-, lignite- and shale tars or pitches are largely .soluble. The solu¬ 
bility of native and petroleum asphalts varies, depending largely upon 
their hardness, and also in the case of [ictrolcurn asphalts upon the extent 
to which the distillation h.os been driven. Coal-tar pitches are relatively 
insoluble in 88° naphtha. 

The portion soluble in 88° naphtha has Ix'en termed “ [letrolenea ” by 
some, and “ malthenes ” by others, whereas the non-mineral constituents 
insoluble in 88° naphtha are generally referred to as “ asphaltenes.” 

It is important that the petroleum naphtha should lx- derivcil from petroleum 
compased entirely of o[X*n-chain hydroearlKms, and test exactly 88’ Ihiuim'’, equiv¬ 
alent to a specific gravity of 11.688 at tiO’ K, IKI’ !■'. At least 85 jxir cent by 
volume should distil between 95 and 1.50’ F. The density and character of the 
naphtha is important, since heavy distillates, or prixiucts derived from petroleum 
containing unsaturated or cyclic hydrocarlxins will exert a greater solvent action upon 
the bituminous substance (see p. 4ii7i. 

This method is |)erfnrmed in the same manner as for detennining the |X)rtion 
soluble in ctirlxin disulphide, 88’ petroleum naphtha lieing substituted for the latter. 
Hard bituminous substances should lx> ixiwdered; liquid bituminous sulMtanres 
flowed in a thin layer over the bottom of the flask; and semi-solid to semi¬ 
liquid sublances heated until fluid and dislnbuted in a thin layer to present a 
greater surface to the solvent. It is advisable not to use a stirring rod, as this 
causes the bituminous sulistanee to ailhere to the inner surface of the flask and to 
the rod itself. The operation should take plare at room temperature, and away 

>*‘Studie« on the CarbeoMe*' by K. J. Markentie, J. Ind Eng. Ckem , t, 124, 1910; "On tha 
Formation of Carbaoca," by D, B. W. Alatandrr, J Smi. Kng Chem., t, 242t 1610. 

*"Tbe Modem Aapbalt Pavtmant/* 2Dd Ldition, 546, 1908. 
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from the direct rays of the sun. The introduction of a weighed portion of long- 
fibered asbestos to the solution will assist in its filtration.' 

Test 24. Solubility in Other Soivents. Solvents other than those 
mentioned in the foregoing tests, such as benzol, mixtures of benzol 
and toluol (Teat 31), acetone (see p. 193), etc., arc occasionally used 
for identifying bituminous substances or to investigate their adapta¬ 
bility for a given use. The extraction may l)c carried out cold or hot, 
but in either event the method used should be clearly stated in report¬ 
ing the results. If cold, follow the method deacrilrcd under Test 
21a, for determining the portion soluble in carbon disulphide. If hot, 
weigh out approximately 10 g. of the bituminous substance into a 
paper thimble, and treat with the solvent in a Soxhlet extractor having 
ground-glass joints. Hard and brittle bituminous substances should be 
powderctl. Medium and soft substances should mixed with five 
times their weight of long-fibered ainphibole (previously ignited), or 
ten times their weight of 20- to 30-mesh Ottawa silica to prevent the 
material fusing together in a solid mass and retard the action of the 
solvent. 

Where the hot extraction is used, the operation is continued for at least 6 
hours, and until no further loas in weight is recorded, whereupon the contents of 
the thimble are dried and weighed. 

>"The Modorn Aaplmlt PAvement,” by ClifTortJ ItirhArdion. 2nd Edition, p 543, 1908, 
" I.aborfttur)' Maiiuftl of Uituniinous Materials," by Hubbard, lat Kditioo, p. 90, 1016. 



CHAFl'KH XXXI 
CHEMICAL TESTS 

Test 25. Water. The estimation of water is made in some cases for 
purposes of identification, and in others a.s a criterion of the (luality. 
Native asphalts and tars are examined in this way to ascertain whether 
they exist in the crude or the dehydrated state. 'I'his test is also used for 
dehydrating hituminous suh.stances to render them suitahle for further 
examination, where the presence of water would inteifeu'. 

Test 26a. Substances Distilling at Low Temperatures. Tlir.s mctluHl is adapleit 
to eruile |H‘troleuin, t.srs, ereo-'-ote oil and other liuid hituiiiiiioiis Milcviunres dis- 
tilliiiK at eoiiipurattvely low teiriiM‘raliire.s ' 'i’he apiwiratus is wt up as shown 
in Fig. 188. The roi)|aT i.lill is proviihal with a reiiiovalde flanged lo|i and yoke, 



From A. 8. T M Htandanlt. 
Fto. 188 —Still for Determining Water. 

which with a paper gasket will form an air-tight joint when elainiwd into place. 
The thermometer should be carefully standardised, lui provided m the Am. fiim. 
Testing ilnterials Kttmlnrds, p 37. The wndenser eonsiata of a copper 

trough carrying a atraightewalled glass tulie The separatory funnel has a total 
capacity of 120 c.c. with the outlet graduated in fifths of a euhie centimeter. 

'" Siandanl Mrtheda ter .Samptina and Anatyai- of CeWBOU- Oil ’’ (Serial DeMgaalioa: D 38-17), 
A S. T M. Hlandardt, Adopird in 31> 
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Pour*200-500 c.c. of the hUuntinous inaterinl into the still and weigh. Clan)p 
the top in pkicv, using a pajm ^(^Lske^ moisfrmKj wifh Juf)ricafjn>f oil. Apply heat 
with Ihe ring humor suf)porlod ju.sf above fho level of llie l)iluniinoii.s niaJenal at 
fhe l)eginniiig of the fesf, and llien gradually low’cr if jus tlie water distils over, 
('ontiiiuo the distillation until fhe vapor tein[KTature reaches 205*' C. Collect the 
distillate in the w'paratory funnel, jind l<‘t it stand until ji clean separation of water 
take.s |)lace llejul olT the volume of \\jiter, calculate its weight, and figure the 
|)er cent jirescuit in the crude bituminous material. Draw ofT the water, and return 
any light oil to the liituminous matter in the .still. The dehydrated material should 
then ho used for further tests. 

Test 26b. Substances Distilling at High Temperatures. This method is adapted to 
as|)halts and other hituimnous substances coniparatividy free from voljitilc c(»nstituents, 
ami incapable of distilling without suiTering deconi|K>.vition 

Si/hstanreti Fimtuj ImIoiv 5tK)° /*'. When it is desired to determine the {jor- 
centagi' of nioi.sture without using the re.sulue for other purpiises, a c(uivenienf 
motiiod consists in wmgliing ItH) g. into a distilling fla.sk, adding 200 c<' of kerosene 
in the I'ase of jusi>hallic products, or toluol m the ca.se of tar proiliicts, and wanning 
gently under a reflux condens<>r until the hiluminoiis substance mixes willi the 
solvent, ('ool, add a nuantily of dry pnmicc-.slone to prevent bumping, and di.sfil 
into a graduate until the luiuid comes ewer chair The distillat<‘ is then allowed to 
settle by gravity, and the volume of water read off directly; or else tlu* water may 
be withdrawn with a pi|K'lte, ami weighed. This method is said to be accurate 
to approximately O.OTi g. of water |kt 1(H) c.c. of toluol or kerosene presrmt m the 

distillate.' 

Whem the hydrated material is to he usial for further examination, 2.5 g are 
weighed into an Krlenmeyer flask, througii which a current of dry liinmmafmg gas 
is pass<*d, and mamlamed at ll).5° ('. for I hour The vaiKws are led through a 
n*turn condenser inamtamed at .50° (', and then into a weiglied caicnmi chloride 
tube. When all the moisture is driven olT. the calcium cliloridc tube is reweighcd 
and the molsliire cidculaled If eoiistiluimts arc prc'.senl volatilizing i clow .50° (', 
the return coiulcnscr .should be inamlamcil at a corresiHUiding lower tcin|M‘ratnre 

Suhsldiia-s l''ii.'<iu(j o/xwe I'. In tins ca.s<> the material is conimiimfcd bv 

powdering (to about tH) mesh) or shaving, and a weighed <|uanlily sjircad m a 
thin layer on gla.ss and maintained in an oven at 12.5° V for 1 liour, or until the 
weight becomes constant. If the sulwtaiice is oxidizable in air, it should l>e healed 
in an atmosphere of illiiininuling gas. ('(hiI m a desiccator, rcweigh and calculate 
the |»er cent moisture. 

Tests 26. Carbon, and 27. Hydrogen. C’.irlKui and liydrogcn are 
grouped togellicr, because botli are generally determined simultaneously. 
Those are of value in establisliing the identity of hitumiimus materials, 
in connection with tlic corresponding |K‘reentages of sulphur, nitrogen 
and oxygen. 

The electrical combustion method is now used almost exclusively for determining 
carbon and hydrogen. A weighed quantity of the material is caused to undergo 
combustion and the gaseous products are thoroughly oxidized by being passed over 

' " Methodi for the Dcternnnfthon «»f Water in Petrolcnm and its Products,hy I C AIIph 
• nd W. A. Jaoolie, Tesh J’aiwr 2.'>, Dept of Interior, Hurcan of Mines, Wash, l> C, 1912. 
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red-hot copper oxide and lead chrornate. 1'he water jp‘nora(ecl h nlw^orU'd iii a 
weighed Marchand ealeiunwldonde fulie, and tlie carlMHi d«*\ide in, a neigheii 
Liebig bulb conlaming a 3() per cenl Milulion of potassium bydroMilo A furnace 
of the Heraeus tyjK.* (Mg. ISO) eonsislmg of electrical lieaiei-s a, h, aiul c; two of 
whnh, namely, a and b are mounted on slaaive wlieels running on a trn<-k so tliey 
niay l)C mov(‘d along the combustion tulK*; tlic tlunl beater r being stationary and 
constructed by winding an alunduin or fiiH'd ipiartz tula* 

12 cm. long with No. Hi nichroine II wire, and enclost*d in 
a cylinder packed with iimgnesia-aslK*slo.s Heater c sur¬ 
rounds the lead cliromatc m (he combustion tula*. Tlic 
iiiovabie heaters o and b have thin plalinuin foil (weighing 
about 9 g. in all) wound on a jKireelain or fus(*d (juartz 
combustion tul>e of .'10 mm. internal diariK’ter The large 
heater 6, 350 mm long, surrounds the copiKT <»xi(le. and 
the smaller one a, 2(X) nun long, heats (he sainpk' in the 
l)oa(. The coinbu.stion (ul)o d of Jena gla.^s or fused stlica. 
measuring 21 mm. external diameter and !H)I) nun long, i.s 
supjMjrted l>y an ashestos-liiK’d nickel trough c 'I’hc I'urrcnt 
through each heater is regulated by seiMirale rhcostat.s / 
and g, the healing coils a and b retpiiring ulaiul 4 b amiHTes 
at 220 volts. 

The furnace is arranged so either air or oxygen may 
be passim! through the combustion tulie, ami is c(|uipiK*d 
with two purifxmg trams m duplicate (of which but one is 
shown in the figure) connected to ibe combustion lulu* liy 
a V'tube, (he joint liemg made tight by a rubber .siopjicr 
The purifying apftaratus // contains the following n'agcnls 
III order of (he pas.s.age of the air or oxygen thn ngli them: 
sulphuric acid i, for removing any traces of :iiiui»»nia: a 
30 |MT cent [xitassium hydroxule solulmii;: granular soda- 
hnie A'; and granular calcium chloride / One of the puri¬ 
fying (rains is connected direi-tly with an oxygrn tank 
provided with a reducing valve for regulating the prcssuie. 
and the other lK*ing used for purifying the air siijiply. whu-h 
IS drawn through the appamlus by an aspirator connected 
w'lth the other end of the combustion tulic 

The first 30 cm of the combustion 1111*0 are empty; then 
eonies an a.sliestos plug (acid-washed and ignited), the next 
40 cm are filled with copjter oxnle gauze, then a w'cond ns- 
l)estosplug; then 10 em of fuscil lead chromate, and finally 
another asl>estos plug 20 cm. from the cm! of ffi<' luU- 

The absorption (ram consists of a 4-jn. I'-lubc tn filled 
with granular calcium chloride (previously wilurateil with 
carlx)n dioxide) to alwjorb the moisture This in turn is 
connected to a Vanier potash bulb u contaiiimg a 30 jx-r <‘ent polaasiiim hydroxide 
solution and granular calcium chloride. 1*hc [lofash bulb is connected with an 
aspirator through the guard-tube o containing granular calcium chloride and *oda» 
lime. A Mariottc flask p, serves to keep the suction constant. 

It is important to see that ail connections are made tight. Lefore starting a 
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dete'roination or after any changes in ohernicais or cotmcclions, a blank lest Khniild 
be ruu by aspirating I liter of air through the apparatus, which is heated in tho 
same manner as though a determination wen* l)cing made. If the Vanier bulb n 
or the calcium chloride tube m show a change in weight of less than 0.5 ing. each, 
the apparatus may be considered in a satisfactory condition. 

Approximately 0.25 g. of the bituminous 8ul)Stance Ls carefully weighed into a 
porcelain or platinum boat and transferred to the combustion tube which should be 
cool for the first 30 cm., the copper oxide at a bright-red heat, and the lend chro¬ 
mate at a dull-red heat. The boat should be introduced rajddly near the asbestos 
plug at the beginning of the copper oxide, the stop[>er connecting with the purifying 
tram replaced and pure oxygen passed through at the rate of 3 bubbles per second 
The current is gnulmlly turned on heating coil a, which at the start should be at 
the right of the boat. By manipulating the rheostat, and gradually pushing the 
coil towards the boat, the evolution of volatile matter is carefully controlled to 
prevent too rapid an evolution of gas and tar, which may either escape complete 
combustion or lie driven back into the purifying train. The heat should accord¬ 
ingly be incre&scd slowly by manipulating the rheostat, until the sample ignites, 
whereupon the temperature may be increased rajiidly. Any moisture collecting 
in the end of the combustion tulie or in the rubier connection joining it to the 
calcium-chloride tulie m is driven into the latter by carefully warming with :i hot 
tile. After the sample ceases to glow, the o.xygen is (sintinucd for 2 minutes, 
whereupon the heat is turned off, and 1200 cc. air aspirated through the trair. 
The absorption bulbs are disconnected, wiped clean, allowed to cool and weighed 
The percentage of carbon is e<pial to the increase in weight of the KOH bulb (n) 
multiplied by 27.27 and divided by the weight of the sample. The })ercentage of 
hydrogen is equal to the increase in weight of the C'aCL tul>c (w) multiplied by 
11.19 and divided by the weight of the sample.' 

Test 28. Sulphur. This test is also used for differentiating and identify¬ 
ing bituminous substances. 

A numlicr of methods have lieon proposed for this purpose, but the most rapid 
and accurate one consists in igniting aliout 1 g. of the material in an approved 
form of liomb calorimeter, preferably of the Berthelot tyiie (500-600 c.c. cai)acity), 
containing 10 c.c. of water and filled with oxygen under a pressure of 30 atmos¬ 
pheres. The bituminous substance is weighed on a small lump of chemically pure 
cotton (free from sulphur) and placed on a small platinum cone, uhich in turn is 
suspended from a copper wire. The cotton is connected with a thin platmum wire 
forming a short-circuit lietwecn the suspended copiier wire and the return conductor. 

After the combustion has taken place, the bomb is allowed to cool for 15 
minutes, then o|)ened up and its contents washed into a beaker. If the bomb has 
a lead washer, 5 c.c. of a saturated solution of sodium carbonate should lie added, 
and the contents boiled for lU minutes to decompose any lead sulphate emanating 
from the washer. The solution is then filtered, washed, acidified with 5 c.c. of 
dilute hydrochloric acid (1 :2), l>oiled to exi)el any carbon dioxide, and precipitated 
with 20 c.c. of a hot 5 per cent solution of barium chloride. The solution is allowed 

of Aoftlyiing Coal ksd Cok«," by F. M. 6t«i>ton sod A C Field&er, Tecb Papor 
8, D«pt. of Interior. Bureau of Mine#. Waah. D C., 1913. " SUndaid Methods for f^tboratory 
i^ampling and Anab^io of Coal" U^riai Designation: D 22-10), A S T M. <Sran</ard«. AdopUd 
1916. 505. 
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to stand for ut lonsl 2 liuurs at a t(>iii{K.'r:iturt‘ just )>ci(iw its lH)i]inft-()omt; and the 
following day is filtered through an ashless pa|)rr and waslMni with jvire hot water 
until a drop of the filtrate slums no pixuaiuiate with silvoi nitrali* solution 
The test for exi-css of l»ariuin chloride is n.ade hy adding a few drojKs of sulphuric 
acid to the filtrate. 'I’he pn'cipitate is then ignited in a weiglu'd fustal silica rru* 
cil)!e, cooled and weighed. The weight of the harmin sulphate multiplied hy 13 74, 
divided hy the weight of the sample is eipial to the iiercciilagc of sulphur present ' 
The Rsehka method for determining sulphur is not recommended for hituinmoua 
materials 

A rapid test for detecting lh<* prescMue of sulphur (juahfalively.- (Hmsists in 
dissolving 10 g of the suhstame m 25 cc. lientol with gimtle healing, cooling and 
adding .'10 cc. N/2 alcoholic potash, shaking, and then rapidly dilutiig with 2t:i) ce. 
Ot) {KT cent alcohol. After standing a short lime, tlie lujuid (which should lest 
alkaline to phcnolphlhalcin) is decanted The rcMdue is wa.she<l with alcohol, 
dried on a water hath and finally at 10.5'’ ('. Jt is tlien heated with Kitl cc of 
ether under a reflux condenser, ami a few' lumjis of giaiiiilar lahium ihlorule are 
added. After cooling, the luiuid is filtered into a t<‘st lule t<i remove any msoluhle 
matter present, and (he s(»lulion mixed with 20 c c. 2 j^r «cn! mereune hromide 
in ether, and allowed to stand ovcrniglit. If a precipitate forms, it w filtered off, 
washed with etlier, and di.s.solved from the filter pa|M‘r with warm laui^ol If any 
sulphur-l)curmg l)ituminous suhslatices are pie.MUit, including is’trtdrum or native 
asphalts, the precipitate will dissolve in lh<‘ la-iizol forming a diirJv hrown solution 
(any mercuriuus liroiiude prc.sciit rcniumiiig iindissolvid) On evaimratmg tlu* 
henzol, the mcrcuric-broiuidc-suIphur*comiHiund is ilcjHiMti'd as a dark Ijrown to 
black brittle m:us.s. 

Test 29. Nitrogen. This (letornjiiiation is also list'd for idcnlifying 
hitumiiioiis products, and tlu; procedure ordinarily employed constitules 
the well-known Kjeldahl-dunning method.'* 

One gram of the bilumiiiou.s material, which should 1 h! finely |K.wdered when suffi¬ 
ciently liard, is boiled with 30 cc of cuiiccntrated .Milphuric acid, 7 10 g of [Hilas- 
siuni sulphate, and O.t'rOS g of nielallic iiuTcury iii a .'i00-(‘<' Ki''ldahl flask until 
(he material i.s coiti[>leleIy oxidizetl and (lie solutuai Ix'i’oines clear Ilu* iHitling 
should lie continued at least two liours after tiie Njliition reaches llie straw-ccilored 
stage, the total time n'quired ranging from 3 to 4 hours After the solution has 
cooled, a few crystals of |M)(as.Mum iMTinangaiiate an* added to insure coinpli'le 
oxidation. When thoroughly cool, the solution is diluted to 2(K) ce. with cold 
water, again cooled, and the following solutions added' 25 c.c. of a 4 jier ci'iit 

'■■The Sulphur Coiilcut <.f Fuel*. amJ l«ie.i«!l.v retn-leuin rr<HJiicU.” I»y I C Allen *ml 
I W Hol>crt*on. Te<h I’aiwr HiircBu «-f lapt of InUTH-r. WmIi. 1) C. UlllJ. "Sul¬ 
phur in T*r Itceiduca." by Fr/v.*t llul.l.ard *i.<l (’ S Itc•c^c. I’ror Am Sor MalrnaU. 

11. <»<■,«. lOU. "The Dete<ti(>n and rett-rii.inatn'M "1 .Sulphur in I'etruleum." by C K Irenn# 
end C W Cra«ff>rd, J Ind E* a Cl.tm , f, 'I7n. 11*17 ^ 

»”J. MercuBeon. "The t..nip**iiioii and Luan.iiietior. uf U*»idijce Irani Ineiilltlion." 
loO <•!' 

■■■Mrthod. ol AD«lyHns Co«l «,.il (Vkt." I.y V M Sl.nlon .mi A C fitUInn. Twh r.p.r A. 
Burau ol Mio.., Dept o( Intenc.r. ».ali . II C. llllS. llflnniiii.tioii ..I NiUo«fn in Co.!.'' 
by A C. MdnM .nU C A T.ylor, Ifb P.iat Unrinu ol Miiim, I)»pt ol Inlonor, 

D C. 1915 "Staiidarll M'tbml. (or l.ah(.rnt<.r> Hrmiplin. «n<l An.lyfli. of I'c*.l'■ IM<tii.1 Ib-aicna- 
IIOII I) A S. T M. .SOradorr/r. AilojAnl lltlff. -'dO 
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loluUoD of potassium sulphide to prceipilatc the mercury; 1-2 g. of granular zinc 
to prevent humping; and finally enough saturated sodium hydroxide (usually 
80-100 c.c.) to make the solution distinctly alkaline. The danger of losing ammonia 
may be minimized by holding the flask in an inclined position while the sodium 
hydroxide solution is being added and carefully running the alkaline solution down 
the side of the flask so it will form a layer telow the acid solution. The flask 
should then lie at once connected with the condensing apparatus, and the solution 
mixed tiy gently rotating the flask. 

The ammonia is then distilled into 10 c.c. of standard sulphuric acid solution 
at the rate of 100 c.c. per hour, until ]5t)-200 c.c. of distillate have passed over. 
The ilislillate is then titrated with standard ammonia or caustic soda solution, 
using cochineal as indicator with the former, or methyl orange with the latter (20 
c.c. standard ammonia or caustic soda solution are equal to 10 c.c. of standard 
sulphuric nciil, and also equivalent to 0.05 g. nitrogen). 


Test 30. Oxygen. There being no satisfactory direct method for 
determining oxygen, it is computed by subtracting the sum of the [lor- 
centages of hydrogeti, carbon, nitrogen, sulplmr, water and tpsh from 
100 per cent. The result so obtained is alTected by all the errors 
incurred in the other determinations, and esjx'cially by the change in 
weight of the ash-forming constituents on ignition. Iron pyrites will 
absorb oxygen from the air and change to ferric oxide, increasing the 
weight of ash, and thereby causing a negative error in the oxygen, 
equivalent to three-eighths of the pyritic sulplmr. Any calcium car¬ 
bonate present will tend to absorb sulphur combined with the bitu¬ 
minous constituents (p. .5211). On the other hand, there is always a 
loss on ignition of “water of com|x)sition” from the clayey and shaley 
constituents, also carlxin dioxide from carbonates, etc., which tend to 
compensate for the absorption of oxygen.' 

Test 31. Free Carbon in Tars. This represents an adaptation of 
Test 21 suitable for testing tars and pitches for the presence of non¬ 
mineral matter insoluble in hot toluol-benzol, which has l)ecn found 
the mo.st satisfactory menstruum for this piirixjse.^ This test is of 
value for purposes of identification, for a.scertaining the adaptability 
of the tar or pitch for a given purpose, and for gauging the uniformity 
of supply. Tars and pitches containing large percentages of free carbon 
are objectionable for certain purixrscs of manufacture, since the free 
carbon acts as so much inert matter, and furthermore is insoluble in 
all solvents. 

‘"Standunl Methods for Laboratory Sampling and Analjsi.s of Coal” iSrrial Designation- 
D 22-10). A. H. T. M. SUtndardt, Adoptfd tm. 671 

* “Free Carbon in Tart/' by J. M. Weitt, J. /ti(( 6'ng Chrm , t, 279, 1914. "Some Effeeta of 
Certain Solvents on Tan in the ‘Free Carbon* Determination," by G. S. Monroe and H J. 
Brodereoo, J. Ind. Sng. Ck$m., 9. 1100, 1917. 
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The apparatus used was devised liy H. J. Cary-thirr' and is illustralial'in Ei*. 
lOO. The filtering medium may ennsist either of a pa|x‘r thunlilc or two tliieknesses 
of Sehleieher & Schiiell’s No. 57.5 hardeneel filter iMfsT, 15 em. m diameter, arranged 
in the shajie of a cup liy folding symmelrieally amund a slick 1 in in diameter It, 
should be soaked in Ijenzol to remove any grease, 
dried in an oven, desiecated and weiglicd. 

Tars must l)e dehydrated before e\trae(ing. 
and pilches if sufficiently hard, ground to a fine 
|)owder. In testing materials containing nit)re than 
5 [)er cent of free carbon, 5 g should be uschI. 
ami 10 g willi smaller ixTcimtagis. Weigh a 
suitafile anuaint. in a lOO-cc. l^eaker and digest 
with 50 ce ep. toluol on a .steam bath with 
constant stirring for not e\cee<lmg :{(» mmutes 
riace the prepared filler pafier in a carbon filter- 
tube and decant the toluol extract through it 
\\a>h with hot cp. toluol until (lie filtrate is clear, 
thing a “polus'iiian” iiii.iircflcd bv Ifdiml for d(‘lach- 
iiig any tier carbon adhering to the beaker. I’liiallv 
wihli the filter with hot c.p IktizoI, and after 
draming, cover it with a cap of filter pafKT or 
niundum ware, and extract it in the ap|>aratus 
with ep benzol until the drippings bceome color¬ 
less. This will take at least 2 hours The filter 
is then it*move<l, the cap taken off, the p.i|KT 
dried in a steam oven, eixiled m a desie<ator and weighed With pitches it is well 

to examine the free carbon for foreign matter, such ns wood silvers, pieces of 

bagging, etc. If .such foreign matter is present, ihe test should l«: reject'd * 

Test 32. Naphthalene in Tars. Naplitbalene is present in furs and 
pitches generated at high tenifMTiitnres, iriehiding tlins<‘ derived from 
coal. It is produced liy the condi'iisation of two or more hydrocarbon 
molecules accompanied liy the eliminatitm of hydrogen. p. 227.) 
The following test is ii.st'd solidy for purpos(*.s of identification: 

One hundred e.e. of tar, or UK) g. of pitch arc weighed into a fared Engicr 

flask, and distilled by the flask method (Test 2(>/, p 521). With tars the dim 
tillation is continued until 95 per lent has l)een distilled (ffl, and in the caw* of 
pitches it is stopped when the temperature reaches 355* t’. 1’he lime of dislillution 
should occupy about 20 minule.s, and the condenser luU; heated to prevent the dim 
tiliate from solidifying in it The distillate is eauglit in a separatory funnel, the 
lower portion of which is graduated This w immersed in wafer at GO® C. and 
a reading taken, whereupon 50 cc. of a 10 per cent caustic soda solution are 
added, shaken, allowed to settle, and the clear soda drawn off. I’he contents are 
wanned again to 60 ® C., and the loss in volume noted. Sliakc with another 30 c.c. 

•y. Ind Eng Chem . 4. 535. 1012 

*" TenUtoe Fpeoifiratioiii for Cosi-tsr Pitch tor I'M* in llamp-iiroofinK and W'at<'rt>r»onn(.'' 
(S*‘nal Drsignatioii. 1) 42-17 T>, Prof Am Soe. Tetftng Maiertal-, JT, Part I, 710, 1917. 



I'roni AST .M SlnM<lnr<l«. 

Fm. I90.--( ary-Curr I'Alrio-- 
(lun Apparatus. 



536 


^SPHAL^'S AND ALLIKD SUIiSTANCES 


of 8(xla,‘an(J observe whether there is any further (liininution in volume. If so, 
repeat until po further shrinkage occurs. The total shrinkage represents the tor 
ocitis present in the distillate. 

The oil which is unacted upon is placed in a copper l)eaker maintained at 60®!'. 
for 15 minutes, and the separated naplithalcne filtered on a paper in a perforated 
funnel, using suction. The naphthalene is pressed between several sheets of filter 
paper in a letter press to remove the adhering oil, weighed, and its percentage 
calculated. 

Test 33. Solid Paraffines. Until recently, it was eonsidered that the 
presence of paraffine was an indication of the quality of asphaltic 
products, and many specifications stipulated the maximum percentage 
pcrmissilile. It is now generally conceded, however, that there is no 
rational licaring between the solid paraffines in asphaltic products and 
their quality. The determination of paraffine is therohire of value 
only for purposes of identification. Solid paraffines arc never found in 
asphaltites, rarely in natural asphalts, and only traces in asphalts pro¬ 
duced from strictly asphalt-bu.se petroleums. On the oth(‘r hand, more 
or less paraffine is present in asphalts derived from non-iusphaltic and 
mixed-base petroleums. It is absent in tars and pitches derived from 
high temperature distillation processes (see table p. 4S;{). 

The following method docs not give absolute figures, since it merely disrlo.v8 
the paraffine hydrocarbons which are aoM at room tenifKralure, wilhout taking 
the liquid iiaraffines into consideration; nevertheless the results arc of value for 
purpases of comparison.' Weigh 50 g of the material in a tared fi-oz glass retort, 
and slowly distil until nothing but a residue of coke remains. 'I'ho distillation 
should take in the neighborhood of 45 minutes from the time the first drop comes 
over. The distillate is caught in an Erlenincyer flask, and weighed. Either !> or 
10 g. of the well mixed distillate, depending upon the quantity of solid paraffines 
present in the crude material, are transferred into a large test tulie and dissolved 
in 25 c.c. of absolute ethyl ether and 25 cc of absolute ethyl alcohol A similar 
mixture containing 25 c.c. each of ctlier and alcohol is made up, and this together 
with the oil solution is cooled separately to exactly 0® F. for } hour in a mi.xture 
of ice and salt (to which if necessary calcium chloride may be added) The oil 
solution is then rapidly filtered through a weighed (Jooch crucible, similarly main¬ 
tained at 0® F. by a jacket of ice and salt, and washed with 50 c.c of the cooled 
ether-alcohol mixture. A simple and convenient apparatus consists of an inverted 
bottle 6 in. in diameter, having the bottom cut off, and attached to the same rubber 
stopper which supports the funnel holding the (looch crucible. The space between 
the bottle, the crucible, and the supixirting funnel is packed with the ice and salt 
mixture. The Gooch crucible is then removed, the outside wijjed dean, placed on a 
tared glass and dried in an oven at 80® C. until the Inst traces of ether and alcohol 

‘•‘The Modem Aepbelt Pavement." by Clifford Pichwdion. 2nd Edition, 1008; "rntpr- 
sufbung der KohlenwMeeritoffOle und Fette," by D. Holde. Berlin. 45. 1013 , "I,abor«tory Manral 
ol BUumioous Muterials." by Pr^vogt Ilubbafd, N, Y., 100, 1016, 
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are evaporated. The residue is weighed, and the percentage of solid paraffines 
calculated in the original 50 g. of substance taken for ana}>^.' 

According to llolde (loc. cit.), the rejractur index of (he solid paraffines will 
indicate whether the original substance was ozokerite or paraffine, or a mixture 
of the two. An alcoholic extract is tested at 90* C. on tlie Zei.ss butyro-refractom* 
eter.. The residue from ozokerite will show a refractive index of 115-170, 
whereas the solid paraffines derived from petroleum, shale, lignite, etc., will test 
between 1 C and 0.8. 


Test 34. Saturated Hydrocarbons. This niotliod was doviacd by 
Ilichardson,^ and sorvo.s to distinguish hotweeu various ii.'iphaltic products, 
including native a.«5phalts, asplialtitcs and pctrolcuni asphalts. It is 
used for purpo.se.s of idcntilication. 

The portion soluble in 88* petroleum n.iphtha, separated as in Test 23, is brought 
to exactly 100 c.c. either by adding more KS* naphtha or else liy evafsiratinn. 
'I'hi-^ is then shaken in a 500-cc separatory funnel at 77* !■'. for exarlly 3 minutes, 
with 30 cc. of A mixture of conocnirafod sulphuric acid and fuming Milphuric acid, 
having a specifu- gravity of 1 M at 77° F. 'Die funnel i.s allowed to siaixl (Hiietly 
overnight, whcreu|)on the acid is drawn off ami the oils unacted uimui treated with 
another 30 c.c. of the acid, 'fhis time a few hours sliimlmg slmuld effrcl a sharp 
separation. If the second acid layer is strongly colored, the ireatment shouKl lie 
reiK^ated a third tiii.c 'Die naphllia snlulion is wa.die(l 8ue<*es.vively with water, 
a 5 |)er cent solution of sodium carlKiiiale and finally with water. I he solution is 
evai>onited to dryncs.s over a steam ifatli and the residue weighed I'liis is etuml 
to the .saturated hydrocarbons present in the portion soluble in 88 jielroleuni 
naphtha. As a guide in evaporating the last traces of naplilha from the satiiraled 
hydrocarlxms, a blank test should l.e run on KK) ec. of the 88* napl.lha, wliercuiK.n 
the portion uimclcd ujion is mixed with 0 7rig of a non-asphaltic |K*troIeum rixsiduuin 
and evaporated on the steam l)alh alongside of the sample under test, until the 
former is reduced to exactly its original weight 

I'ho results arc expressed us the iicrceiiiage of saturated hydroc^rlions present 
in the iwrtion soluble in eaibon di.-'Ulphide (^e.^( 2biJ This is ealeulutcd in the 
following manner- If a n-preseiits the isrcentage soluble in airbon disulphide, 
6 the iiercentage soluble in 8.'-° naphth.a and r the iiercentage of saturated hydro¬ 
carbons in 6; then the saturated liy.iro.-arlion.s present in the isirtion soluble m 
ftr 

carbon disulphide will equal --X100. 


Test 36. Sulphonation Residue. This (csl (‘xprcsscB the percentage 
of saluraled hydrociirlwns in (lie (lisliHate iH'lwcen :tlo anil 35')'’ C. 
obfainwl upon suhjecling the hitiiiiiiiiuus substance to the tiask method of 


I )„ .n.ll...l ..III ...■I"™ tw a.. ''-"Iviiw 10 t ol Ih. ...b, am- 

in 11 ,.. an„„n„ bo...,I, »pplv,.,« b-a. H .. o' ^ 

amm, lh,o,ub lull™-, rnrib ,.r,.l ... •nb iuM.l.o".l "■l;'"';* “O'll 

rinnr Tip. IlIPPv™ lb. d.,k-.pl..l<.l a.pb»l'i<- .l■l»la'■.■•■-. •I'"-'' ''S "w 'ill'-' « 

onrlh Tb. r,ltr.l. i-pni.iipn. lb. p.r„iniii. i. .h.l.lW l" » 
wnl.r balh, lb. rMiilu. di»i..1vol in li.> . . i-lbi-r «i"l i-' 

I "Th. Modern A.pbnII I’avoni.iil." 2nd ICrlilion, N i .r.tl. I1I17, 


ot alrohol, and trett«d M d«*<TilN*il 
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distillation (Test 20a). It is used to differentiate tars and pitches 
among themselves as well as from mineral waxes, asphalts (native and 
pyrogenous) and asphaltites. The figures for coal-tar pitches have 
already been given on p. 252. The author cites the following addi¬ 
tional figures: wood-tar pitch 0 per cent, saponifiable fatty-acid 
pitches 0 per cent, unsaponifiable fatty-acid pitches 0 per cent, residual 
asphalt from Mexican asphaltic petroleum 80 per cent, wurtzilite 
asphalt 87 per cent and gilsonite 85 per cent. 

The method of determining the sulphonatmti residue a-s proposed by Dean & 
Bateman,' consists in distilling sufficient of the material under examination by the 
flask method (Test 20(i) to ol)tain at least 10 c.c. of distillate l>et\vcen 315 and 
355" C. Exactly 10 c.c. of thLs fraction are measured into a Babcock milk bottle, 
and 40 c.c. of 37 normal sulphuric acid added, 10 c.c. at a time. The bottle and 
Its contents are sliaken for 2 minutes after each addition, and when all the acid 
has lieen added, the liottlc is kept at a eoiihlant. tciniieraiuro of OS-100" for 
one hour, during which it is sliaken vigorously every 10 minutes. At the end of 
the hour, the liottlo is removed, emiled, filleil to the top of the graduations with 
ordinary sulphuric acid, and whirled for 5 minutes in a Babcock separator. The 
uiusulphonatod residue multiplied by 2 gives the |K*r cent by volume directly (each 
graduation being equal to of a c.c.). 

It is important that tlie acid should lie of the jirojier strength. A mixture of 
fuming sulphuric acid and ordinary concentrated sulphuric acid should be pre¬ 
pared to contain exactly 80.07 per cent of S(),i, wliicli constitutes 37 normal acid. 
If the sulphonatioii residue is dark in color, it should lie treated with an excess of 
a 10 per cent sodium hydroxide solution, and if soluble in this reagent, the test is 
regarded as negative. 

The “dimethyl .sulphate te.st was oiiginally pro^Ki.scd for this purpose, but 
has l>een since disregarded on account of its unreliability. 

Test 36. Mineral Matter, Under this Iieading we will consider 
in detail the examination of the mineral matter, inoluding the portion 
present in the uneombined state; the portion combined with non- 
mineral eonstituents; a qualitative or quantitative chemical analysis; 
also microscopic and granularmotric analyses. 'The distribution of the 
mineral matter, it« chemical analysis and inicro.scopic examination arc 
of value for purposes of identification. Its granularmctric and in some 
cases its chemical analysis serve as an indication of its adaptability 

‘ ".The .\nai>8n and Gradmn of Cmifotwi." Forcet Service CirniJar l\2. Wash .DC, 
lication of the SiUphotiation Teet /or Creoaote," Forest Service Circular 101, Waih. D C. 

Method! for Tcatirm Coal Tar and Hefmed Tara, Oila and Pitchea Deriveil Therefrom." by S U. 
('hurch, J. In,I Kng Ch.m, I, 233. 1911; B. 190, 1913. "Paraffin Bcwliea in Coal Tar Creoeote 
and their Bearing on Specificationa." by 8. 11. Church and J. M. Weiea, J. Ind Kno. Chen. «, 
396. 1914. 

*"Methoda of Aaphalt Eiamination." by Albert Sommer, J. Ind Eng Chem, t, 181. 1910. 

Appli'*ation of the Dimethyl Sulphate Teet for Determining Small Amounta of Petroleum or 
Aaidialt Prodneta in lare," by C. S Reeve and U. H Lewta, Coogreaa of Applied Chemistry, 
U, 727. 1912; J. Ind. Chem.. B, 293. 1913. 
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for a given purpose, particularly where it is desired to defenoine the 
resistance to acids or alkalies, etc. The |x>rcentage and •distribution 
of the mineral matter and its granularmetric analysis arc u.scd for 
gauging the uniformity of supply. The percentage of mineral matter 
prc.sent, and it.s granularmetric analysis serve lus a criterion of the <|uality 
for paving purposes. 

Test 36a. Uncombined Mineral Matter. This includes the non-inineral matter 
insoluble in carbon disulphide, and corrc.s|Kinds to the re.sult.s olitained liy 'lest 2Ili 
(p. .VJti). Any unconibmed mineral matter or coiinidal particles tine enough to 
pass through an asliestos filter would not be included in this determination 

Test S7b. Mineral Matter Combined with Non-Mineral Constituents. Tins is 
ascertained liy cva|)oraling the carbon disuhihidc e.iitract of the bituminous aggre¬ 
gate (Test 21n), burning the residue ami luiiertaining the weight of tlie iiali lima 
obtained. It will include: (1) llie mineral eonslituents elieimeally eonibined mill 
the bituminous matter; (2) colloidal inineral constituents which pass through an 
asbestos filter. 

The appearance of the ash on ignition will indicate which of theae two clawca 
IS present. If the ash appears as a goasanicr-lilte frolli, it will indiciile llinl the 
mineral matter is clicmiciilly combined with the biluminoua conslilurnla. If the ath 
forms a fine powder, it is an indication that it cnism in the form of colloidal parlicica. 

Test 38c. Chemical Analysis of Mineral Matter. Thia may include a i|unlila- 
tive or a (|uaiililalnc analyais, by any of the incthwia ordinarily used for this 
purpoae. If a quantitative analysis is to be made, the reader is referred to the 
following sources, vi/..: 

Mil,(ml <'„„-.liliiiiih Xiihimllii I'rmnl mill AiliM "Tentative Methods 

for intimate flicmical Analysia of liefractory Malcriala,'' Serial DcMgiialion C IS 
17 'I'), I’Toc Am .S'oc Testing Malenals, 17, I’art f, 671, 1917; "Standard Siccilica- 
lions and Test.- for I’orlland CeiiKiil ' (Si-iial De.-ignalimi: C 9-17), A..S' T M. 
Stiimtimls, Ailniitiil Hitli^ 432 

AiUal While Viqimiils. “ Slandanl Methods for ilontinc Analysia of Wliile 
Pigments,” A. S. T M Shtinliiiih. Aihiitnl in lull, IH 

Ailiild Yellow, Uiil nr llri,ii;i rnjiiieiil.-. “’I'cntalivc Mellnala for Itoiiline Aiinly- 
sis of Yellow, Orange, lied and Brown Pigments Containing Iron and Manganese,” 
(Serial Diraignalion; 1) .at) 17 T), Proe. Am. Soe. Testing Malmalt, 17, I’art I, 802, 
1917. 

Test 39d. Microscopic Emnination. This ia iierformcd by examining a simill 
quantity of the mineral matter on a niicrosco|ic slide under a magnification of 190 
diameters. The method is adapted only to finely divided mineral matter, and in 
many cases serves to identify the various forms, such as infusorial earth, clay, silica, 
etc. This test will also give an idea as to the relative fineness of the partieles. 

Test 36e. GranuUrmetric Analyais. flie methods winch follow have been 
standardireH by the American Society lor Testing Materials' for mineral aggregates 


.'•Stsndnrd Mc.hsd lor Mskma » M<-ct.«n.c»l tn»h.L. ol S»nd or Otl,.-, K....- ""‘1;;'“' 

Frrrp, (or F,i,r .tearmator l'«<l ... (Vm-.,. (-....rf.-.. 'r,,.l nr.,assO„„ I) 7-111). Sl.n.lsrd 
tor Mak.ns a M..rl.as...al tnalv-o ..I Hck. n .s,„o,- or Ilrok.-.. S'-V t«"l>' '"r 

r.l Analj-..t M.rlsr™ ot S....I or inh.r F.no Mawn.l ...I, Itr-A.-n H.o.,.'or llrokr,, Hl«. I .r.jt 
for Amnwii F-O.I in fom.-... f.,n.n'lc - (ft-rial I).-«.ltnalio... I) IH-IS). 4. .k T M- .SCaSordr, 
AdopUJ \H lillO, .W5. -Wf and 
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used in tonneclion with bi^ways. The following three methods have l)een 
adopted; « 

Fof Sand or Other Fine Highway Material. The method consists of: (1) drying 
at not over 230° F. to a constant weight a sample weighing 50 g.; (2) passing the 
sample through each of the following mesh sieves. 


Meshes Per 

DmmAtcr of Wire. 

I.incnr Inch 

— 

— 

(2.54 cm.). 

In. 

Mm. 

200 

0 002.3.') 

0 05900 

100 

0 004.5 

0 1143 

81) 

0 0(W7.'5 

0 1400 

50 

0 000 

0 22805 

40 

0 01025 

0 260.35 

30 

0 01375 

0 34025 

20 

0 01f)5 

0 4191 

10 

0 027 

0 68.',8 


The order in wlu<‘li the sieve.'! ure to In* used in the process of sifting is ininui- 
tcriiil and shall l)e left optional; l)ut in rejKirtmg results, tlie order in which tlu' 
sievo-s have l)een used .shall he state<l; (3) deteriniiiing the percentage hy weight 
retained on wudi .sieve, the sifting Ix'iug continued until less than 1 per (‘cnt of the 
weight ndained shall pjuis through the sii-ve during the last numite of sifting; and 
(4) recording the niechiinieal analy.sis m the following manner; 

PftMiti* 200-inwh sieve . % 

I'eesuijr lOO-ineah sieve end retained on a aiMl-mrali eicve % 

rnNiiiK SO-niesli sieve and retained on a lUO-nipflh sieve % 

PasBina SO-mesh sieve and retained on a SO-riirab sieve . % 

. % 


Total .. . . 100 00% 

Far Broken Slone or Broken Slag. The method shall consist of. (I) drying at 
not over 230° F. to a constant weight u sample weighing in pounds 6 time.s the 
diameter in inches of the large.st holes retjuin-d; (2) pa.ssmg the sample through 
such of the following size screens liavmg circular o|K‘nings as are retiuired or called 
for hy the siwcificntions, screens to Im‘ used in the order named: 3', 3, 2\, 2, IJ, 
U. 1. 4. ; «»d 1 in.; (3) determining tlic percentage by weight retained on each 
screen; and (4) recording the mechanical analysis in the following manner: 


PasBiRK i'in screen ^ 

PassmB !-in screen and retained on a i-in screen. . % 

Passini; pin screen and rctaineil on a pin screen % 

Paaainff l•ul screen and retained on a pin acreeo.. % 

. % 


Total .100 00% 


For Sami f>r Other Fine ^faterinl wth Broken Stone or Broken Slog. The method 
flliall consist of: (1) drying at not over 230° F. to a constant weight, a sample 
weighing in pounds 0 times the diameter in inches of the largest holes requiretl; 
(2) separating the sample hy the use of a .screen having circular of)enings \ m 
in diameter; (3) examining the jx)rtion retained on the scmui in aecordaiict' 
with the method for broken stone or broken slag; (4) extiniining the {wrtion passing 
the screen in accordance with the method for sand or other fine higliway material* 
imd (5) recording the mechanical analysis in the following manner: 
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PtMiDK 200>n)er:i t 

Pssoing 100>iiirah sie\« and retaitird on a 

PauiDg 80-nieah aieve ami retain^ on a KHWmoBh nt\t 

Paaaing lO-nieeli aievf aiul rvtnined on a 20-ni('iih 
Paasitig i-iti a<rrfn and retauie<i on a IG'Hiroli tiifvp 

Paaaing i*iu screen and reta>iic<l on a i-in scriTii 

i'uB8itig J>iQ screen and retained on a l-iii screen 


Total 


HU) iH)% 


Elutriation Ted for Snml or Fine 
Fiikr Tins lest is adapted to fine 
inmeral particles passing a 200-incsh 
sieve Place 5 g in a lieaker ahout 
120 inin high, holding (>00 c c., and 
fi)l aiiiiost to the (op with distilled 
^\ate^ at exactly 70“ F. Agitate 
uitli comprchsetl air until the niiii- 
eral particles are brought into 
suspension, and in such a manner 
that no Avlnrlitig results Stop the 
I last and allow the lupnd to stand 
exactly 20 seconds, ulieriMipon the 
water above the sediment is im- 
mi'diately de<‘ant(*d tlirough a 200- 
mesh sieve without, however, pour¬ 
ing ofT anv of the sediment The 
ojieratinns of agitation, seiliinenta- 
tion, and decantation are rcjieated 
with fresh water three times 'I'he 
particles caught on the 200-inesh 
siev(‘ ani washed back into the 
saiii[)le reniaimiig in the lieaker, 
which IS dried to constant weight 
ami weighed. The ditTerence rejire- 
sents the amount removed by 
<‘lu( nation, which should be ex- 
prc.s8(‘d in |>ercenlage.' 

Test 36f. Specific Gravity of 
Mineral Matter. Two methods 
are roeonmiended, depending uf)on 
whether the particles are finer or 
coarser than I in in diameter. 

For Aggregates IPAo^^e Particles 
are IjCss than 1 /«. The U. 8. 
Bureau of Standard.^’ MixJifica- 
lion of 1.^0 Chatolicr’s flask is 



* “SlandarU Fornis for Spe* i‘M'a(ioiiB, 
Tesla. l(eiM>rt8 and Methmls of Sampling 
tor (toad Matenab," Bulletin Nu 
I’ S Dept Agriculture, Wash , D C . p 
33. Nov 2C.. I«I7 


f* . .-. 

I roKi A .S M Stnit<iMr>ln 
1111 Ihm-aii of .Standards’ Mmlification of 
IjO ('hatelier K 8|>ccific Gravity Flask. 
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used^ illustrated in I'ig. 191. It ia first filled with kerosene to a point on the 
stem botweea 0 and 1 c.c., and 04 g. of the aggregate at the same tetnperature as 
the liquid slowly introduced, and freed from air by rolling the flask in an inclined 
position. After all the aggregate has been introduced, the level of the liquid will 
rise to some division on the graduated iicek. the difference lietwecn the reading.s 
iicing equal to the volume displaced. The flask during the operation shall be im¬ 
mersed in water at a definite temperature. The sj)ccific gravity at this temperature 
is eiiual to the weight of the aggregate in grains divided by the volume displaced 
in cubic centimeters. 

For Aggrcgaln Comimed of Fragmeuls Lnrgn than I In. The Goldl>eck appara¬ 
tus- illustrated in Fig. 192 is used for 
tins [lurpose; I0(M) g. of aggregate are 
dried to constant weight, weighed to the 
ncaicst 0 .'i g, and immersed in water for 
24 himrs. '(’he pieces are then individually 
surface-dried with a towel, the sample 
reweighcd and immeiliately introduced 
into the cylinder, which has previoiwly 
lj(>cn lillcd to overflowing wilh water at 
77° F 'fhe displaied water is caught in a 
tared beaker, and weighed. If the weight 
of (he dry aggregate in air is a, and 
the ueiglil of (ho di‘<j)laccd water h, then 
the a|>p;ireitt s|)ccific gravity is ('<jual to 
a divided by b. 'I'lic difference Ijctween 
the original weight of the s{H*cuncn and 
its weight after 24 hours’ nnmersion is 
u-sed lo delerinine the iiercentage of ab¬ 
sorption. If c equals the weight of the water absorbed by (he dry sjxicimeii m 24 
hours, then the true specific gravity at 77° F. is equal to a divided by (6 -c). 

Test 37. Saponifiable Constituents. I ndcr this lioadinR will Iw 
included tests applicable to oils, fats and resins, includinf; the acid value, 
lactone value, ester value, .and .saponilieation value, also the separation 
of fatty and resin acids. I'liese tests an- adapted to certain bituminous 
substances for purposes of identilieation, also for gauginj; the uniform¬ 
ity of supply. They arc especially suitable for examining: montan 
wax, woikI tar and wood-tar pitch, rosin pitch and fatty-acid pitch, 
and to determine the qinalily of the last named. 

The relation between the acid, lactone, ester and saponification 
values, also the unsaponifiable and saponifiable constituents is shown 
in the following table: 

* Circular No 33. lUireau o( Standarda, p 27; " Sttindurd Sppcifir.itiontt and Tests for Portland 
CetnenV" tSi-nnl Dt^iatintum: f 11-17), .1 ,S. T. M Slanihriin, Adoit'rd wi lOtO, 436. "Specific 
Gravity of Non-HomoK«neoii8 AKgreKates.” by PN'Voat Hubbard and F H Jackaoo, Jr., Froc Am 
Soe. Ttihng Mattuals, It, Part II, 3M>, 11)16. 

• "Standard Forma for Specifications. Tests. Ueport# and Methods of .‘^ampliog for Road Materials," 
Bull. No. U 8 Dept of AKnnitture. Wash . I) C . p 31. Nov 20,1917. 
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Free Fatty Acnls 




Free Ri’sm Aeiiis 

BapuniBrstion Value 
'Saponifiable Matter) 

Lactone Vsluc 

AnhydridPt mid I m tones 


jNeiitrnl Fftti 

({ihreroli 


Ester VsSue 

Fstty Adds 



Wales 

lattv A<b!s 



Higher Ali'ohdN 

UnsBponifiablc Matter 


Free Ihghcr Mci'IjoIw 



Il>dru('arl><>iis 


The eaponification and acid values have lieon used for disfiiiRuish- 
ing between native and petroleum asphalts (p. 2!)S), in accordance 
with the method proposed by J. Marcusson (sec p. 

Test 37a. Free Acids (“Acid Value”). Itod .5110 r. nf llie maleriul with 50 
c.c. of carefully neutralized 95 per cent ethyl alcohol for 20 nuuules.* The liquid 
is decanted from the iasoliihle rcaiduc while hot, the latter ImiliHl with another 60 
cc. of alcohol, atid the processs re|icated, until the extract no longer reacts acid with 
alkali liliic 0-U (or pheiiolphlhalein). The rcMclue i.s then disregardeil. To the 
combined cxtract.s, add 10 cc. of a 25 [wr cent barium chloride solution and 0 
droiis of a [X-r cent alroholm solution of alkali blue 0-lt (or an e<|uivnlcnt amount 
of 1 per cent alcoholic phcnolphlhalcin), and titrate cM witli standard N/10 
caustic potash." As the free acids are neutralized by the alkali, the barium soapa 
arc precipitated, and at the same time the un.sii|Kinilied substaneea are thrown 
otit by the water contained in the .\/IO caustic |)otash, until at the close of the 
titration the solution becomes almost clear, rendering the end-|x)int sharp. The 
acid value is e(|Uivalent to the numlier of milligrams of ixiUiasiuin hydroxide 
required to neutralize the free fatty acids in I g of ihe substance. 

Test 37b. Lactones and Anhydrides t“ Lactone Value ”). These are determined 
as follows: (1) hind the acid value (Te.st .'ffu), and the ester value (Test 37c) of the 
original substance. (2) Find the acid value (Test 37o) and Ihe cetcr value (Test 
37c) of a weighed quantity of the free acids lilicraled from Ihe sulislance after 
saponification (Test 39). If acid and ester values (I) are equal to respective acid 
and ester values (2); then lactones only ore prerent If acid value (I) is less than 
acid value (2), and ester value (2) is equal to 0; then glycerides only are present. 
If acid value (I) is less than acid value (2), and ester value (1) is grealar than 
ester value (2); then both glycerides and hiclones are present. 

The true ester value is equal to ester value (1) minus ester value (2); and th» 
true lactone value is equal to ester value (2). 

• Z. anoev. Chem., 24, 1297, 1901. 

* Bituminous mstmsta irith hi«h fusing-points should bt fluied to ssmi-hquid PoesiitMcy with • 

fciven weight of neutral parsffine oil , . , , a 

»Prepued by dissolving 5612 g. pure rsustir potssh in TM pc 95 per cent skobol. dimtiog I© 
MSttly 1 litre with water et DO* F. ud Mrelully elenderJliing eseliiil eulphuric acid (.(known atrenfth. 
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The foregoing results may l>c chocked by finding the acid values of the original 
substance any the liberated aci<is. The true ester value equals the acid value of the 
free acids minus the acid value of the original material. Similarly, the lactone 
value is equal to the sai>onification value minus the sum of the acid and ester 
values. 

Test 37c. Neutral Fats (“ Ester Value ”). The ester value corresponds to the 
numliey of milligrams of iiotassium hydroxide consumed in saponifying esters 
(neutral fats, otherwise known as triglycerides). If lactones or anhydrides are 
absent, the ester value may lie caladaled by subtracting the acid value from the 
saponification value. If lactones and anhydrides are present, then the ester 
value niayk' calculated by subtracting the sum of the acid and lactone values from 
the .saponification value. 

Test 37d. Saponification Value. The saponification value represents the num¬ 
ber of milligrams of |>otassium hydroxide consumed m the complete saponification 
of I g. of the substance. It represents the sum of the acid, lactone and ester 
values, and is ascertained in the following manner: 

Prepare a 5 |)cr cent solution of caustic potash di.s.solved in equal vohinio.s of 
1)5 {K*r cent ethyl alcohol and 00 per cent thiopbene-free In'nzol, and standardize 
against sulphuric acid of known strength.' Saponify 5 g. of the substance wnb 
50 c.c. of this solution by Itoiling under a reflux condenser \ to 1 hour, depending 
upon the rapidity with which the substance goes into solution. Evaporate the 
benzol on a water liath, add 100 c.c. water, boil, decant from the re.sidue, add 50 
c.c. more water, hoil, decant and re|M'at until all the alkali has l>een removed 
(tesled by adding a drop of phcnolphlhalcin). Combine the extracts, add 20 c.c. 
of 25 |>er cent barium chloride solution {naCl}-2HX)), and II c.c. each of a 1 jwr 
cent alcoholic phenolphihalein solution and a 3 per cent alcoholic solution of alkali 
blue 6-11.* Titrate the warm solution with N. suliihunc acid. As the barium hydrox- 
i.t»‘ iiecomcw neutraliziHl, a copious precipitate of barium sulphate forms which 
n'litii'rs the end-|K)int distinct. When the color changes, Ik>i 1, and if ncccs-vary 
run m more sulphiiriu acid until the color remains green on boiling. Calculate the 
quantity of caustic potash roiiuired for saponification. 

Test 37e. Estimation of Fatty and Resin Acids. If both fatty and resin acids 
are present in the mixture, it is not a simple matter to wparate them quantita¬ 
tively. The method of prowdure consists in first saiwnifying a grams of the 
substance, suflicient to yield alsmt 5 g of the mixed acids, and separating the 
safionifiable matter as descrilKaJ m 'lest 39. The fatty acids are then separated 
from the resin acids by the Twi'chell-dladding process as follows; 

Dissolve the mixed acids in 50 c.c. absolute alcohol adding any insoluble matter 
to the !<epamtnl rcMii acids siiliseipiciitly obtained. Cool to 10* C, pass in a 
stream of dry hydrochloric acid gas for 1 to 2 hours, let stand J hour at room 
temperature, dilute with five volumes of water, boil for 15 minutes under a reflux 
condenser, cool, and extract the fatty-acid esters and resin acids with benzol. 
Neutralize the aqueous solution, evaporate to a small bulk, acidify, and again 

1 Approiimately 45 o.o of N. nulphurifi arid will bo requirt'd to neutralise 50 c c. of the 5 per 
cent oaustie potash aolution 

• Marounoa finds that by uiinn th« two Indicators together, the end point of the titration is sharrer. 
being ovideneiHl by a change in color from red to green 
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extract with benzol to remove any traces of acids not previously removed. (’oni» 
bine the .extracts, now containing all the fatty-acid esters and resin ^rnls, add fiO 
c.c. of caustic potash solution {10 g eaustic |)oiash. 10 cc. ethyl alcohol, and ItX) 
cc. water) to saponify the free re.sin a<id'«, and draw off the aqueous layer together 
with any interniediato layer l>etween the a<jue(*us and l)enrol layers (containing 
resin soaps difficultly soluble in llie alkaline lujuor) JOxhaust. the aipieous soap 
solution with benzol to recover any fatty acid esters The coniluned benzol extracts 
arc washed in turn with water, twice with 10 cc. (if the jsitash solution, and 
finally again with water. The benzol solution containing most of (lie fatty acids 
in the form of e.sters is evaporated to a small bulk, saponified, the free fatty acids 
liLierated with hydroclilork acid, se[)arated and weighed as a check 

The rcsinou.s soap solution is united with IIk* various a(|ueous and alkaline 
extracts, evaiwirafed to a small bulk, acidified with dilute li\drochloric. acid, and 
extracted with ether to remove tht* free roin acids 'riicw* are evajH*ra(e<l to 
drynos-s at 105° C. and weighed, 'flic ic.-idue (•()tisi>Is of the n'sm acids contami¬ 
nated with more or less fatty acids wliicli failed (n l:(‘C()n'e ehtcrlied I)inso1v(* in 
25 c.c of 95 per cent alcohol in a lOO-cc. slfippcrcd ricaMiiiiig cylinder, add 2-4 
drops of a 1 jx'r cent ah'oholic solution of alkali Due (>-M, and neutralize* with 
aqueous eaustic soda solution (1 '2). Heat on a water bath f<ir 15 minule.H. cool, 
dilute to lOO-c.c. with ether, agitate, add 1 g of fiiudy pulveriml silver nitrate 
(dry), and continut; the agitation for 15 nuiiule.s to convert the fatty-acid sonjw 
into their corresixindiiig silver .''alts. Settle ovcrnighi, d(‘cunl 75 cc of tin* clear 
liquid into a separatory funnel, and shaki* with 2t) cc dilute hydrochloric acid 
(1 :2). Draw off the ether layer, and extract the aipieiuis solution with two 20 cc 
portions of ether. Combine the eilu^r cxtHUfs, wa.'-h with 20 ee. water, filter 
into a tared crucible, cvaiK)rate to dryness at 10.5® (•, weigh and add to the 
residue in.suiublc in alcohol mentioned aUivc. 'I'lie total residue consistH of the 
practically pure resin acids (5 grams). 

Ah 

Per cent resin acids in original 5ubsianceH= --X100 ^incc resins carry an aver- 

J'/ 

age of 8 |)cr cent unsaponifiable constituenis, tlii'ir jiercentage may be approximately 
calculated as follows: 

H4h 

Per cent resin in original siilwlanec* 


Test 38. Asphaltic Constituents. Tin' met hods whicli follow 
have heon proposed by •!. Mari'iis.soo ' for ddTcrentialinK lielweeti 
native and petroleum asi>lialts (p. 2IIS). They also Rive an iiisiRld 
into the eomposition of a-splialts theni.selves, and in this respect the 
author regards them of speeial merit. Tli(> value and possibililie.s 
of these determinations do not appear to be generally appreciated, 
but as time goes on they will oertaiidy lje recognized. The figures in 
table on page ,>4(i will illu.strate their utility; the riiiiilts for crilile 
Trinidad and refined Hormudez aspliiill aie i( |Kirled by Mareusson, the 
balance Iming lieen obtained by the aiillior. 


' Z angew CKtm. Hi 340, ItfiO, 
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> 

Non-minej-s 
Constituent 
of Crude 
Trinidad 

1 AtpbaJt. 

I 

8 Hefined 
Bermudez 
Asphalt. 

/ / 

Futing’point (K 
Mils wHboil) 

f.'t:'* F 1 

f.'W* F. / J 

Fref Aapljaltoui 

/ 

G 4% / 

3 5% 0 

Atphahoufi and 
anhydridra 

3 0% 

2 0% 1 

Aaphalteuee 

37.0% 

3.S 3% 17 

Asphaltu' rceins 

liS 0% 

M 4% 30 

Oily roiietitiictits 

31 0% 

30 0% 48 



• Conipcpcd of 15 per mit Krahumite and 85 j.tr cfiit rwidual oil derived from Mphaltic petroleum 


Test 38a. Free Aspbaltous Acids. Dissulvo 5.00 g. of the asphalt in 25 c.c. 
benzol by iioiiing under a reflux condenser Add 2(K) c.c. (dhyl alcohol, let 
settle, decant the solution from the pitchy residue, and titrate the former cold 
with N/10 alcoholic sodium hydroxide, using phenolphthnlein as indicAtor. Dilute 
with an equal volume of water and extract the unsaiwnifiable constituents by 
shaking with successive jKirtions of benzol until the extract liocomes clear, I'^’.np- 
orate the alcoholic soap solution to a small bulk, lilicnite the aspbaltous acids 
by acidifying with hydrochloric acid, extract wii,h lienzoi, evafKirate the extract to 
dryness at 100* C. and weigh. The free asphaltous acids ai^ar as a tar-like to 
resinous mass, soluble in alcohol, benzol and chloroform, but nearly insoluble 
in 88* fietrolcum nai»iil!ia, When boated to 120-2t)t)“C. they arc oonvi'rlod into (lie 
corresponding anhydrides. 

Test 38b. Asphaltous Acid Anhydrides. In the foregoing test, the unsaponi¬ 
fied portion \» united with the pitchy substances precipitated by alcohol from the 
original lienzol solution. These are saiMmified by boiling under a reflux condenser 
for 1 hour with N-ulcoholie caustic potash m the jiresence of benzol, the solution 
is diluted with on c<pial volume of water, and the unsafxmified constituents extracted 
with successive jxirtions of lienzol. The alcoholic soap .solution is then evaporated 
to a small bulk, the asphaltous acid anhydrides liberated by acidifying with hydro¬ 
chloric acid, extracted with lienzol, evaiwrated to dryness at 105* C. and weighed. 
These are very similar in appearance to the free asphaltous acids. On heating to 
high temperature, they arc converted into unsaponifiablc products similar in appear¬ 
ance to the asphaltenes. 

Test 38c. Asphaltenes. After separating the saponifiable constituents according 
to 'I'ets 38a and 385, the Ixidics which have not combined with alkali are dissol^^ 
in the smallet possible quantity of benzol (not exceeding 10 cc.), and the solution 
poured into 200 c.c. of 88* petroleum naplitha.' The iiisolulde matter is filtered 
on a Gooch crucible as described in Test 23, washed with 88* naphtha, dried and 
weighed. This represents the aspltaltenes, which appear as a dark brown to black 
powder similar to grahamito in chamcU^ristics. On heating it docs not melt, but 
swells and decomposes into a compact and hard coke. Asphaltenes are supposed 
to be formed by the addition of oxygen or sulphur to petroleum resins, also to 
intCMnolecular changes taking place on heating them in air. They are soluble in 
> 01 wbicb St ItMt 85 per cent by votume should distil between 35 and 65* C. 
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benzol, chloroform and carbon disulphide, almost compleWy insoluble i> 
and 88- petroleum naphtha, and sparingly soluble in ether and^t ne Th 
charactenzed by a high percentage of sulphur (7-13 per cent) j 

influence of li^t are converted into an insoluble modification “ 
asphaltenes and their parent substances, the asnliallic peon. . . 

saturate.! polycycHc compounds containing mlphl or , T 

cun replace the other. ' f/fmr of H/mh 

, Resins. The solution of 88" petroleum naphtha .Limned 

from Test 3^_ is evaporated to about 2.5 oo., distributed over 25 g fuller' ^Hh 
in a paper thunble, and extracte.1 hot in a .Soxhlet vith 88" ,*trolcum naphtha 
If the first extract is dark colored, it is concentrated to about 25 cc. imured over 
more fuller's earth, and the process rc|K'atcd. The extract should have a straw 
or light yellow color. The asphaltic rc.-iiis arc a.l.s,.rhcd by the fuller s earth, from 
which they may lie extracted by carbon disulplude, evaporated to dryness at ItKl" C 
and weighed, The.se form the first stage in the conversion of jietrolcum hvdrtv 
carbons into asphaltenes, and con.sist of solid, reeldish-tirown to browm-h-iilack 
sulxstanccs fusing tallow ItX)" completely soluble m 88° naphtha, chloroform 
carbon disuliihide, lienzol, but <,nly sparingly .soluble in hot or cold acetone After 
adsorption by iullcr’s earth they Ix’conie insoluble in 88° |ielrolcuiu riaplilha The 
asphaltic resins are formed by heating the oily conslilucnl.s for some time to 120° 
V'. aceonipaiiied by a darkening in color and alssorpiion of alm.xspheric oxygen. 

Test 38e. Oily Constituents. The 88° [ictroleutu najihiha exira.-l from the 
fullers earth iii Test 38/, is distilled to a .'.mall bulk, and cvaiHirated to dryness 
at 100° C until the odor of iietrolciiui naphtha is no longer apparent. The oily 
constituents reiiiaining as residue arc weighml These aiiiwar as a viscou.s oil, 
and constitute the mo.st inert bodie.s contained in as|)halls. A.s a gi'neral rule, the 
softer the asplialt, the larger mil Is- the percentage of oily coiistiluents. Marcusson 
reports that Triuidiul petroleum .-onlains 12 per cent of oily constituents, Trinidad 
asphalt 17 to 10 per cent (figured on the crude dry substance containing the mineral 
ingredients) and grahamite 2 to 3 per cent. 


Test 39. Unsaponifiable and Saponifiable Matters. In llip cimc of 
bitiiniiimiis iiiiitcriuls, llic ('.' 11111:111011 of llio iin'.'ipniilnildi'iiii.i s:i|uiiiiliitlili' 
niiiltpi'.s is (if valiip for luirposes of nlciilificatioii. (Vriaiii liitiiiiiiiioii.s 
subsliuicps, such as iiioiitan wax, 10 ,'in pitch, and fatty-acid pilch air 
oftrii coinpo.srd largely of siponiliablr (•oii.'liliirnls, IMlirrs, including 
pinc-tar, piiir-tar|)itcli, liarduood tar, liardwiMid-lar pileli. prat tar, lignilr 
tar, hour tar, bonr-lar |iilcli and oilier forms of falty-achl pilrlir.s ronlain 
siiialirr |)rrcontages. This tc't i.' also used for ganging the nnifnrniity 
of supply, and in the ca.se of fatty-acid pitches, as a rrilrrion of the 
quality. 

Till' follouing procedure h.us licen devised liy the aulhor for .speeifieidly exnmiii- 
uing biluinmoiis nniterials or aduuxliin's of liiluinuioos maicrials with niuuial or 
vcgctalilc (ids and fats, siiiee die cii'tomarv melliods do not adapt IhruiM’lvra 
especially well, due to the foriiiation of troolili"v>me emulsions. The biliiminous 
material is first freed from iii'silulile constituents, including any mineral matter, by 
boiling with carlwn drsulpliide under a reflux condenser, cooling and filtering through ■ 
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Gooeh ffucible, following the precautions described in Test 21«. ' The insol lil, 
amslituents are dried at 100° C. and weighed, Sufficient of the bituminous s t 
stance should be taken to yield approximately 5.0 g, of extract. The benwl solu 
tion is evaporated or distillri to 50 c.c., and 50 c.c. of the saponifying liquid added 
from a pipette. This should consist of a 10 per cent solution of caustic potash 
prepared by dissolving 100 g, of anhydrous potash in 500 c.c. of 95 per cent elhvl 
alcohol, and diluting to a litre with 90 per cent benzol. The liquid is allowed to 
stand overnight to permit any carbonate to settle, and the clear solution decanted 
After the saponifying agent is added, the mixture is boiled under a reflux condenser 
for j-J hour, and the contents of the flash while still warm poured in a sepamtorv 
funnel containing 150 c.c. of boiling water and 25 c.c. of a 10 per cent solution of 
potassium chloride. Add 250 c.c. of benzol, agitate vigorously, and allow the fun¬ 
nel to rest quietly in a warm place until the solvent separates. If an emulsion 
forms which refuses to separate on standing, add 200 c.d. more benzol and 100 c c. 
95 i»r cent ethyl alcohol and stand in a warm place overnight. This will invari¬ 
ably effect a more or less com|>lcte .scjiaration of the solvent. P’rom this [xiint on 
the method is illustrated by the following tabular oullinc: 


Kaponify au (Icflcrilfil 

Draw off tbo aoap eoliituui na romjilptolv ns iMaer iu 

iJefuiit the itefuul iB.vcr, Ivnving the mturnicdiutv layer i.' (I,r Bui.Hriitcrv fiti ni'l 


Aipiroiia IjoAp .^fiKUion 

Exbaiiet V- if li 200 c.c of portioriH of bontol I 

ncnzol I,n\cr 

I Iiilcrmcdmtc Layer 

A<|iiei>iis .'^Diip 
tiolutiou 

('otnbine«l libiizol 
Kxttai’ls 




Ciiiiibinc and exhaust uith ?00 c c portions of 
.>0'', alrnhol. 



Hcnzol Solution. 

('ombinsd Alcoholic 
, Extracts 



Coniliiiie and eihuuat aith I'cntol 


Coiiilimcdllenzol 
I KxtrurU 


Alrobolic Soap Solution. 


Combine, evaporate to a Bmall bulk. roiii|>I<‘te the 
evB|M)ration at 100*' C, cool anti weiiih the 

Cnitipoinfiiif'h ('(lit 'III Id /(/'• 


>Conibiii6‘ 


Transpoae with ililiitc h\«lrorhlorir arid, warm and exhaiiat «ith benzol Separate the aouftiufl 
eoltition cootoiniiift the alyoerol aitd imaeral ealts FraiKtratr the combmed bentoi extracts to a small 
bulk, and then completv the exaporation of aolvent at 100” C. Cool and weigh. Weight equals the 
fnr wills dcTittil /rovt (hr mponifiahlr eonHiluriitt 


In the case of biluminous niafcrials that are more or less completely saponifiable, 
the intermediate layer is apt to be al>8cnt. In this case the process will simplify 
itself considerably. The foregoing procedure will separate the unsaponifiable consti¬ 
tuents in practically an ash-free state. 

Test 39a. Hydrocarbons. Boil 2 g. of the unsaponifiable matter with 4 c.c. of 
acetic anhydride under a reflux condenser for 1 hour. Add 25 c.c. of 95 per cent 
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Pthvl alcohol .heat to boiling, decant through an asbestos Gooch crucble, and 
£v. an tmces of acetic anhydride by washing with successive porfons d warn 
Sol. Dry the residue on the Gooch at lOO” C. Its weight is equal to the 

hydrocarbons present. * 

Test S9b. Higher Alcohols (“ Chdesterol’’)• The filtrate from the foregoing 
(Test 39a) is evaporated to dryness, then dissolved in the smallest possible quantity 
of hot absolute ethyl alcohol and allowed to cool. The cholesterol and phyiosteryl 
(sometimes termed sitosteryl) will crystallize as acetates. Filter and wash with 
95 iier cent alcohol. Find the melting-point by the capillary tube method as 
ordinarily used (or pure organic substances. Cholesterol acetate will melt between 
114.3 and 114.8' C., whereas phytosteryl acetate will melt above I2S" C. Re- 
crystallize several times from hot absolute alcohol and redetermine the melling-pomt. 

If the fifth to seventh crop of crystals tests telow 115-110“ C., then vhyletteryl w almnt 

Cholesterol may also be detected by Iwiling 1 g of the .sul«l.ince with 2 c.c. of 
chloroform and 20 drops of acetic anhydride. The solution i.« alloncd to cool 
and the clear liquid decanted into a poriclain crucihle. Then I drop of con¬ 
centrated sulphuric acid is added to the liquid. If oliolcsicrol Is [ircscnt, a vinlet- 
pmk to reddish coloration will be obtained. (For the behavior of resin acids in the 
foregoing test, see Test 43.) 

Cholesterol indicates the presence of munml oils, fats or waxes (such as wool 
grease), whereas phytosteryl indicates eegeUible oils, tats or waxes. This test is 
therefore of value in delecting which class of substances is present in admixture 
with bituminous material. 


Test 40. Glycerol. Glycerol indicates the presence of animal and 
vegetable oils or fats (triglycerides). Certain fatty-acid pitches also 
contain a small percentage of glycerol (see p. .Til). This test is of 
special importance in the examination of bituminous paints, cements, 
varnishes and japans (p. o72.) 

Saponify 5-10 g. of the suijstanre under examination, weighing exactly, and 
using 25 c.c. of the saponifying agents descnlicd in Test 3i). Extract the unsapont* 
fialile constituents with lienzo! as dcscrilK’d, and (hen transpose (he soap solution 
with a alight excess of dilute sulphuric acid (insicad of using hydrochloric acid). 
Wann the.liquid and extract (he fatty acids with U*nzol. 

Evaporate the aqueous solution to a small hulk, and make slightly alkaline 
with dilute caustic soda. Cool, dilute to alKiut 100 cc. and determine glycerol 
by any of the standard methods proposed for this purpose.' 

Test 41. Diazo Reaction. This tost is used for identifying bituminous 
substances carrying phenols, including wood tar and wood-tar pitch, 
oil-gas- and water-gas-tars and pitches, shale tar, peat- and lignite- 
tars and pitches, bone tar, bone-tar pitch and the various coal* 
tar pitches. 

This reaction was devised hy E. Gracfe.* It is carried out by boiling 2 g. of 

t "Aids in tbsCommerri*) Analyiiaof Oib. Fata, etr hyG. F Pirkarini, I/oadon. 1917; “Aoaly* 
•iiof Crude Glycario," by the International Standard Metboda,.S'nr CAm. Irut .90, 586.1911 

*“DutiDetion between Lignite Pitch and other Pitrhea." Chtm. Zt*t, M, 298, 1906; Mareuaioa 
and Eiekmano. Cluem.-ZeU , tt. 965, 1908. 
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the fetuAinous substance with 20 c.c. N. aqueous caustic soda, for Approximately 
5 mmtes. 'After cooling, the liquid is filtered. If the Sltrafe is dark colored, 
it may be lightened by adding finely pulverized “salt/' It is then cooled in ice, 
and a lew drops of freshly prepared diazohcnzolchloride solution (prepared by 
treating anilin with hydrochloric acid and sodium nitrite) added. If phenols are 
present a red coloration will result, sometimes accompanied by a reddish preeipifate. 

A^uming that the bituminous substance gives the diazo reaction, the question 
will offen arise whether the product is a straight-distilled pitch, or an asphalt 
** cutback " with a high boiling-point distillate containing phenolic bodies, derived 
from coal tar, lignite tar, etc. Marcusson has worked out a method applicable 
under these circumstances,' which consists in dissolving 10 g. of the bituminous 
substance in 15 c.c. of benzol, and pouring the solution into 200 c.c. of 88" petroleum 
naphtha. The resulting precipitate is wii-shed with petroleum naphtha and dried. It 
is then boiled for 15 minutes with N/2 alcoholic caustic potash under a reflux 
condenser to extract the phenols. The liquid is cooled and filtered, the alcohol 
evaporated, and the reshlue dissolved in water. Sodium chloride is added to clarify 
the liquid and remov(> any substances imparting a dark color, the solution is 
filtered and the filtrate treated for the diazo test dcscrilxjd above. If a straight 
distilled pitch containing phenols is present, a {xisitive reaction will l)C ol>tained. if 
the original substance gives the diazo test, Iml the residue treated in the aljove 
way does not, then the admixture of higli boiling-point oils containing phenolic 
bodira with a substance free from phenols (c.g. asphalts, etc.) is established It 
is claimed that the presence of 10 per cent asphaltic substances may be detected 
in this manner. 

Whore bituminous substances contain calcium carbonate, the phenolic liodies 
present combine with the lime, forming insululile calcium phcnolatc which yields 
but a faint diazo reaction. However, on treating sucii substances with a solvent 
in the presence of hydrochloric acid, the calcium plienolate is dccoiiqiosed, and the 
diazo reaction liecomes much more delicate. 

Test 42. Anthraquinone Reaction. Tlic anthraquinone reaction 
is used for detecting anthracene in tar products produced at high 
temperatures, including oil-gas-tar and pitch, water-gas-tar and pitch, 
and the various coal-tar pitches. This test is therefore valuable for 
purposes of identification. 

The tar or pitch is first subjected to distillation in accordance with the retort 
method (Test 20b). the offtake and condensing tube being kept warm to prevent 
the aocumumulation of any solid distillate. The distillate passing over between 
270 and 355" C. is caught separately and examined for anthracene in the following 
manner. The fraction is heated until it is thoroughly fiuid to secure a uniform 
sample, and 5 g. weighed out, while hot. After cooling, 10 c.c. of absolute ethyl 
al(x>hol are added, the solids allowed to crystallize and the liquid decanted. The 
solid substances containing the anthracene are dried on a water bath, transferred 
to a 500-c.c. flask connected with a return condenser, 45 c.c. of glacial acetic acid 
added, and the contents boiled for 2 hours. The following mixture is then added 
drop by drop through a separatory funnel, viz.: 15 g. of anhydrom chromic acid 
dissolved in 10 o.e. of glacial acetic acid, and 10 c.c. of water. The boiling is 
• Ckm. R$f. ytU‘un4 Hari-lnd. IS. 47. 1911. 
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continued for another 2 hours, the eo()le<l. and 400 er. cold added. 

This treatment o\i<hze< the aiitiiniirne to anthra«jumt»ne, wljieh on eiwiflng se()arat09 
as a s«»!id m.ass This is fiheiTtl. \\ji.vhe<l with hot water, then with a hot 1 |)or 
cent solution of (■au>tic soda and atram "itli hot water 'I'he residue of anthra> 
ijuinone i.s then dried and its weit^ht iiiulliphed )>y 0sV» to ohtain the eorn‘s|H>iidjnx 
weight of anthraci'iic From 0 2.» to OTo jvr irnt of .anthnu'enc is found m coal 
tars, and a corresiiondinK larger tM'ri*entage m e«ial-iar pitches 

A color reaction for estalihslung the pix'sence of anlluacene e«>nsists iif Ixuhng 
(he crystals of .'inlhnujuinone with ziiic dust and causiic soda solution. wher(‘U|>on 
an intense red colored solution is olilamed. which on filtering in contact with air 
Ijccomcs decolorized. 

Test 43. Liebermann-Storch Reaction. This i,s a rapid (paililalivo 
test fur (IctoetiiiK tlie presence of rosin, rosin oil. or elioleslerol. One 
irr.'im of the suhslanee is dissolved in 3 e.e. of aeetie anhydride at a 
(tentle lieat, cooled and (he clear liipiid decanled into a porcelain ern- 
eilile. .\ihi 1 or 2 drops of snlplmrie acid sp.ijr. I..'i3 (eoiMainint; (i2..')3 
|«‘r cent of pure sniphnrie acid, prepared liy dilntinc 31 7 e.e. of eoneen- 
(rati'd sulphnrie acid with 3.V7 e.e. of water). Itosin and ro.'.in oil 
will iiroihiee a fugitive violet coloration lurninn to a lirown, whereas 

cholesterol will produce a fnailive rose.lor tiirniliK rapidly to u 

dark (rreen. If rosin or ro.'in oil is pre.sent in eonjnnetion with 
eholestiTol, the test lieeonies valueless. 

Fossil rrsins (ropals. elc ) .'ll.sii f.iHv-ie-i,l iHlrlies (! 1 V 0 il |S'niilincnt hriiwil coliir 
, 01(1 do nol inliTt™' willi llie forcB"iiii; n-i l.niHS'd, ,oii..iio«'ed. ,liiiiii-».»Hl mid 
eoni oiP Kivr a p'riiimiclil ari'oiiislid.rown coloriilioii. when-a.s paiiii oil, Pone tar, 
mid (Tilde olelli Hive a ]H'riiiaiirid Proninsli-vi'Ilow ladoralioli. 
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METHODS OF TESTING MANUFACTOBED PRODUCTS 

This chapter will include methnds for anah'zing and testing 
manufactured products, containing in addition to liiturninous sub¬ 
stances, materials of a non-hituminous character, such as inineral 
aggregatca, inincial, animal or vegetable fibres, fabrics, water in the 
form of emulsion, volatile solvents, animal and vegetable fats or oils, 
colored pigments, etc. 1’he tests about to be describeil will accord¬ 
ingly supplement those embodied in Chapters XXVIII to XXXI 
inclusive, which were restricted to exandning crude, refined or blended 
bituminous substances, without other additions. 

niTUMINlZKn MINEHAL A(!(1HE(1ATES 

Prorlucts falling into this class include native and artificial mixtures 
of bituminous matter with mineial aggregates, viz: bituminous macadam 
pavements, bituminous concri'te pavements, sheet asphalt pavements, 
asphalt block pavements, asphalt mastic floorings, bituminous expansion 
joints (containing mineral mailer bul not felt), pipe-.sealing comiKmnds, 
moulding comiiositions and prorlucls n.si'd for electrical insulation. 

I’lIV.SKWI, ■I'K.ST.S OF Fl.NISlllOl) PRODUCT 

Effect of Moisture. Various inotliods luvve boon time to time 

for ascertainiiijt the* waltT alisorplion of paving materials.' It is rerogni/<*d tiiat all 
pavement-s ahsorli moie or less inoistim*, hut no standanl mcthfKi hn.s lieoii pro- 
jMXsod for this purposi‘. Hicliardson .sugg('.st,s (lie use of ryliiiders of the same 
dimensions as u.scd for the iinpaet test (p. 5.'W) namely 1.25 in. in diameter, hy 
1 in. high, having the greatest po.ssihlc density, whieh in the ea.se of surface mix¬ 
tures for sheet asphalt pavements, will weigh about 50 g, They arc immersed ‘n 
water for 3 months, and the gam in weight noted at various intermediate periods. 
This same motlxHl will adapt itself for testing asphalt block iMivemcnts and asphalt 
mastic floorings. 

The following tentative methods have been proposed for testing the water 
absorption of moulded insulating materials.^ One-half of the standard briquette 

»Whipple A JerkBon. Nrn^. 4T. 1000. -The TeBlinir of Hitumcne for Paving Purpoeea," by 
A. W. Dow. 7>foe. Am .S'oe, Tnhng $. 368,1003; Eng. Ntu-t, SI, 520.1904; "The Modern 

Asphidt Pavement," 2nd Kdition, Chapter XXIV. 461. 

• "Tentativo Testn for MoldM Inmilnting MatoriatV’ (Serial DmigBation: p 48-17 T). Pnc Am. 
$oe. Tiding MiUcnaU, Part I. 790, 1917, 
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U9«l for asoortaininu llio Ipiisilc slroniilh of iimul.l«l insulalinc iriatcriaU^g' i(W) 
shall l>c osod for this imr|H»' All Iihm- parurlis air nauovcd, and K- s|«'iain™ 
dried for 24 hours cither in a desn-ralor or in an oven al UKI” C. Il is ||„ai ciHiled, 
reiveiKlied, and iininersi'd in distilled water for 1(1(1 hours a( 77“ I' A( (lie end 
of (Ills time, the s|ieeiine(i is removed, wi|>ed dry with a elolli and leui'iaheil •rim 
following figures should Ik' reeonlial; viit ■ (he original weight of the s|M'eimeut 

its dry weight; the satiiraled weight in grams afler l(«l hours' .. (he 

percentage of moisture lus rwvived; the imriviilage of moisture alworlied dtinng the 
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100 hour.-, takiiiK Ihr «iry wi-if'lit an 100 jht n-nl 'I'hc avi‘raK<’ for llinn* iH|»0('iii)enH 
iH r(‘|Kirt<‘(l 

Tensile Strength, 'i'ho hjllowiUR loufaijvc tosf lia.** U*on prnnowd for inouIdiHl 
in.-uiatmg materials,' hut in.iy also U* ;ula|)l<‘<l to testiiiK the siirfaee eoiirsc* {»f sheet 
asphalt pavenient^«, asphalt mastie fliKiruiKs, expansioti joints 0101 , mnlaining fahrie), 
piix*-sealirig eoni|xninils. e(e. The siMMunen is east iiiuler pit'ssiiro to ohfnin the 
grcatcHt fKissihle density, in a hardeneil fiiul ground steel mould of the dimensions 
shown in Fig. 19^J, then inimerse<l in distilled water for IS hours at 77“ F., removwJ, 
wiped dry and pulled apart on any staiMlanl (ihting machine in air at 77“ F., 

‘“Tentative for Moltlwl InfiilntifiK Mut<'iials” (H<-iial Dewgnatifjn: D -IH-I? T). Vror. Am 
Rot Tethng Mattnali, Part I, 778, 1917, 
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at a spe^hat will enable the beam to l)e well l)aliinccd. The results of the test 
6\m\\ be i^rted in the following order, viz.: the Imiking kad in kiIogram<i or 
pounds; the thickness in centimeters or inches .-is measured hy a micrometer at the 
point of fracture; the ultimate tensile strength in hi/ograms /jer square oentimefer 
or in pounds j)er square inch as calenlaled from the actual are/i of the sim-ijneii 
at the point of fracture; the s/K-ed in cenlhnefcrs or inches per minute at which 
the jaws travel during the test, '’i'hnw* such tests should lx? averaged. 

Compressive Strength. 1'his test has hk(‘wise l)eon proix>sed for inonlde<l insulat¬ 
ing materials,’and i.s adapted to all l)itinninized mineral aggregate in which the 
particles do not measure over i in. in diameter. A 1-in. culx* is mouldi-d under 
pressure in a hardened steel mould to attain the greatp.st possible diuj.sity, and 
immersed in distilled water at 77“ K. for 4S hours. \Vi|)c the surfaix* dry and 
place sheets of lead in. thick both uIhwc and Mow the s|x*cimcn to adjust 
irregularities. Any standard testing machine may be used, and llio load .sh.-dl Ik? 
applied at such a rate of sjwed lus will |K?rmit the k'am to be kept well balaiiciHl. 
The results of the tost sliall l»e reported as follows, viz.: the dinien.sions of the 
sp(?cimen in millimeters or inches; tlie bri'akmg loud in kilograms or jK)Uiids at 
the first sign of failure; the average ultimate compressive strength m kilograms 
per square conlimefer or ixmnds jmw s(|uaic incli, calculated from tlie iii<‘asun‘d area 
of the specimen In-forc the load i.s applied; the sisK'd in centimeters or inclies [kt 
minute at which the jaws travel during the test 'I’liree such tests are avcragi'd. 

Transverse Strength, 'rhis t<‘st is similarly intended for mouldcil insulating 
materials,* but may also Ik? applied to biluminized aggregali's containing finely 
divided mineral matter, as in tlie (ensile stKmgih test. 

The maUTial sliall Iw* coinpress(*d to the greatest jxissible density in a liarderied 
steel mould, ground so its internal dimensions will measure exactly \ in. by !• m by H 
in. The six'cimen is tested at 77° 1'. after immersion m ilisldleil water at 77“ P. for 
48 hours, nil surfa<‘e wafer having Is'en removerl with a dry clolli, and supported 
on two steel liloeks with corners rounded to I! mni ra<lius, spuivd exactly lOt) mm 
apart, and at equal distances from the ends of the spivimen 'I'he load is applied 
by a wedge-shaited pit?ssure piece, the edge of which is rounded to a 8 mm radius, 
extending acroswS the sjiedinen with the edge parallel to the edge.s of the two .siq)- 
ports. The angle of the wedge shall be approximately 4.'5°, and the hiad iipplu'd 
ns slowly as i)os.sible at riglit-angles to the s|)ecmien, midway betwren the supports. 
The results shall lie reported in the following manner, viz : the thickness of the 
specimen in millimeters or inches; the actual lireaking load in kilograms or m 
pounds at the first sign of failure; the maximum fibre stre-ss in kilograni.s j>er square 
centimeters or in pounds per square indi calculated by the formula 


where 5 represents the maximum filler stress, P the load applied, L the distance 
between the supixirts, B the width of tlie specimen, and I) tlie depth of the spc<‘i- 
men. The rate at which the load is applied is also recorded, also (he amount of 
deflection in millimeters or inches. 

‘ “TentBtivo Tp»ti (or Insiilftting Mnlorials” (.'prinl Dffignation: I> IS-IT T\. I'ror .tm 

Sac. Tttlinff MaUnnlii. Part I. 780, 1917. 

• "Toulnlivp Toulfl (or Moldinl IiMuInting Matcriftls” (Serial Ue.Hignalion: 1) •18-17 '1), I'rot .-tin. 
Soc. Tetting Part I, 782. 1917. 
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Impact Test. This test »ii.s (iripiniilly devised liy L. \V, Fane for UdUng'the 
toughiioas of roek for rood liiiildiiig,' having smre Ixen odaptcil b^^icha'hlaon 
for le-sling liilunnnoua aggregalesA Tlic liilunniioiis mixture is healed to the lowest 
posniile leiu|KTalure that will |iemiil it lieiiig inaiiipulalwl, and formed by eom- 
prew.ion into a eyliiider 25 mm. high by 24-25 mm. in dinnieler, the ends of whielt 
.shall lie plane surfare.s at right angles of its axis The hot biiuiiiinoiia mivluie is 
eompresaal in a hollow eyliiidneal steel mould, 24-25 iiiiii in diameter by .V) nini 
long, having an accurately lilting slei'l plimgcr ■ The mould is hawly liljcit with 
the hot bituminous mixture and eompressetl «ulh the plunger by sharp blows of a 
betivy hammer from the top and iHitloni res|H'ctively, until it is thoroughly com* 
paeted. 'I'lie cylinder of bituminous material is tlii'ii knocked fntni the mould and 
Kiwial olT or ground down until it ni(auum'.s e.xactly 25 mm high 1'he density 
of the .s|K'cimeii should lie noted and re|Kirted It shall lx* niainlapnHl in water at 
77'’ b'. for IS hours, wijM'd dry, and tested in air at a temiMTiiture of 77“ F on any 
form of mipact machine which will comply with the following eaaeiilials ■' 

(ii) A etmt-iron anvil weighing not, leas ilian So kg. firmly fixed upon a aolid 
foundation. ' . 

(5) .\ hammer weighing 2 kg. arranged to fall frei'ly lielwecn suiliible guides 

(cj A plunger of hardened steel weighing 1 kg nrrangi'd to slide freidv in a 
vertical direction in a sleeve, the lower end of the plunger U'lng spherical, with a 
radius of i‘\aetly 1 cm. 

(dl .Means for raising the hannner and dropping it U|sin the plunger from any 
s]ieeihed height from 1 to not le.s.s than 75 cm 

0) .Means for holding the cvinidrical lesl-s[ieeimen .securely on the anvil with¬ 
out rigid lateral sup|«irt, and under the plunger in such a way that the centre 
of Its upper siirfaee shall, tliroughoiit the lest, Ixi t.angent to the spherical end of the 
plungel at Its lowest point. 

The test shall consist of a 1 cm fall of the hammer for the first blow; a 2 cm. 
fall for the second blow; and an nicrea.se of 1 cm lor each sucissahng blow, until 
failure of the test s|S-cnnen occurs The mnnls'r of blows reiiuircd to shalter the 
test-piece is taken to represent the tougline.ss, three such teals lanng averaged. 
I’esls are (suforined at three tenijs-ratiirr's, viz ' .f2 b , 7< b. and II.i b. 

Distortion under Heat. This lest is ap|ilicable to biliiinmized mineral aggre¬ 
gates wlio.se particles do not exceed \ in in diameter, the same test 8|iccltuen lieing 
irsed lus m the lraiisver.se test (p .■|5I) ‘ 

The apparatus used for this piiriaise is illustrated in Fig HM. The speeinien 
should rest on steel supfiorls l(K) iiiiii. apiirt, and the load applied on top of the 
s|wcinien vertically and midway ls4w«n the su|i|Kirls, as in the transverse sireiigih 
lest. The machine shall Is- arranged to a|)ply two different loads, viz.; 2.5 kg. 
and 50 kg. The s|s'cinien is plami in an air bath surrounded by an oil bath, the 
tcmiierature of which is increased at a rate of exactly 1 b. per minute. The 
deflection of the s|iocimen at its centre IsUween the supfiorla is measured on a 

I Bulletin No 711, Bureau of rtiem , t S Dept of Am , Waib , D C , Bulletin No 44, 0«ca ol 
Public HoAcIt. V S Dept ofA|tr.W»*h D f , June 10. 1912 

^ “The Modern Aephnlt P*A«nient. ' 2nd Kdilion. 1908. pp 428 ted 585. 

»•• Tonintnr T< Mh f.ir \f<.l<lwl In.iilaiinu Mnfi rmN •' (S<nul J)«(»i«Dalioii: I) 48-17 T). Prtr. Am. 
iloc Maitnalii, 17. Part I, 77.'!, 1917. 

< •• T*'iitaii\r T<>1' f-r Mi.IHhI rn-iiUlin« Matcnaln.'’ l>-witntlion; O 48-17 T). Prot Am. 

So< Teshnf 17, Part It 787,1917. 
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scale •inVoUlimetcrs or mils. The dislortiuo point shall 1^ considered the tempera* 
turc at wmi^i the specimen has deflected 10 mils. The results of the test are 
reported as follows, vis.: the distortion point in degrees F.; the time required 
for the specimen to deflect lU mils starting at 77'^ F.; curves are plotted, showing 
the minutes horizontally, and the corresponding deflection, also the temperature 
at given intervals vertically. 

Softening-point. An ingenious apparatus for determining the softening-point of 
mouIdc([ insulating materials, which is likewise adapted to testing pavements, 
asphalt mastic floorings, exfwinsion joints and pipe-sealing compounds, has been 



Fio. 11)1.- .Vppariitiis for Kccordirig Distortion of Bilumiiuzeil Aggregates under Heat. 

devised by H. R. Edgecomb’ ius illustrated in Fig. 195. The underlying principle 
consists in comparing the cxfwinsion with the tendency to soften as the tempera¬ 
ture mcreaies. The apparatus consists of an electrical heater 1, a plate or slab 3 
above the heater, a hood 3 for retaining the heat, a rod 4 having a relatively large 
lower face resting loow'ly on the specimen, a rod 6 having a relatively small lower 
face (0.01 sq.in. in area) actuated by a weight 6 of either 2.5 or 5.0 kg., and an 
opening 7 for the thcrmomelor 8. The rods and thermometer rest upon the insulat¬ 
ing material 9 to be tested, and each of the rods 4 and 6 is provided with a scale 
10 operating in conjunction with stationary vernier scales 11, for recording the 
movement. 

It is important that the sample 9 lie provided with two plane faces, also that the 
tem))crature is increased at the uniform speed of 1® F. per minute. The positioas 
of the rods 4 and ( are notc<i at periodic intervals, and two curves plotted with the 
temperature as abscissas and the movement of the rods respectively in thousandths 
of an inch as oaliimtos. These curves will bt* identical as the material expands 
throughout a certain range in tem|>crature, but when it begins to soften rod 5 will 

ill, 8. Pat l.lHt.S.I? of May 30, I91G, "Dcvico for Tostinx Plastir Matcnala.” 









MKTIIODS OK TKSTIMJ MANUKArTI'ltKI) I*K(H)I'( r-, ' 557 

change its direction (d travel, ami instead of inoxinK upward will emlieii^^l^f in llte 
sample. The point at vslueh the two curves divergi* repn'M'tits tlm aWlcumg-in>mt 
of the material. Tlu.s is shown at 01)'’ F in the chart illu'lrat^'d in Fig 1!)') 

SKI’AKATION’ t)K KINISIIKI) IMiOUUCT IN TO I'l’S OOMPONKN I’ I’Ait'I’S 

Separation of the Bituminous Matter and Mineral Aggregate. Hitiiniiiii/i'd 
aggregates an^ separated int4) their l)i(iinniiou>. and mineral «oni|Mnu‘nis for 
the combined pur{K)ses of aaccrtaining the (xTcrntaii^ and nature of thi* mineral 
constituents, and for examining the 
physical and chemical character¬ 
istics of the bituminous binder, 
with the object of its idenlification 
or duplication. Two methods are 
used, including the hot extraction 
proce.‘«devised by Forrest, and the 
centrifugal extraction method 

Forred's llol Extraction Method. 

The bituminous mixture should first 
be wanned until it may he broken 
apart without fracturing the mineral 
partielcs The extraction is i)cr- 
formed in an apparatus illustrated 
m Fig llMi, eon.«i.stmg of a eylm* 
drical brass jacket surrounding an 
mcandesccnt-light bull) to .supply 
the neco.s.‘;ary heat, and enclo.sing 
a bras.s ve.ssol for holding the solvent, 
which m turn carric.s a cylindrical 
basket compo.sed of 80 mesh-wire 
cloth for retaining (he.‘'ample (’old 
water is circulated through the in¬ 
verted conical eonden.ser, which also 
serves to cover the apparatus 
Weigh out 500 g of material if 
the mineral parliclos are coar.sor 
than \ in., or 300 g. if they are Fk; Hi:. -Apparatus for Delermiiiing the Softeti- 
finer than j in. Plaic it in the mg-ix.int of Hitununi/'ed Aggregates, 

basket and cover with a pad of 

cotton or felt in thick. Pour 175 200 cc of carls,n disulphide into the 

inner vessel, insert the cover and start the extraction by turning on the incan¬ 
descent light. The extraction is iMially miipleted in 3 hours’ time, whereuixm 
the apparatus is cooled, (he basket containing (he mineral aggregiite removed, 
dried in an oven and weighed Any fine mineral particles passing through the 
SO-mesh sieve constituting the basket are recovered by filtering the extract through 
a weighed asbestos (looch filter as desentsKi in Test 21o, washed clean with carlwn 
disulphide, dried and weighed. ITiis mcthiKl is used where the bituminous matter 
is to be separated in a pure state for further examination. An alternate method 
consists in measuring the extract in a glass graduate, thoroughly agitating it and 
pouring an aliquot portion into a tared crucible or dish, cvaiwrating the solvent, 





558 


ASI’IIALTH AND ALLIIOn .SUBSTANCES 


burning tlw residue .and igniting to nsh. The fine mincrnl matter present in the 
entire extr^ may be ealeulated from tbe ash derived from the iwrtion ignited. 





I rimi A S T .M i’ii» 
- I'dirost’s lldl-cxtractioti Apparatus. 


The total should be added to the coarser niimTal anf^rcKato previously separated, 
to arrive at the percc'ntape prcsi>nt • 

Centrifugal Method. The inost efficient. npparatu.s of 
(his type was desiKued by C. S. Reeve,- as illustrated 
in Fig. 197. It consists of a i hp. vertical motor a, 
capable of making 1100 revolutions per immile at 110 
volts, with either direct, or allemating current. Its 
shaft projects into a cylindrical copper vessel b, having 
a concave bottom and draining into the sjiout c. A 
circular brass plate d, 91 in. in diameter supports an 
inverted iron bowl c, 81 in. in diameter by 2,*4 in. 
high, haying a 2 in. circular hole at the top. A brass 
cup / is fastened to tbe inner side of the bowl, having 



Fio. 197.—Centrifugal K.\- 
traetor. 


»“Eitractor for Bituminous Piving Mixtures," by C. N. Forrsst, Proe Am. Soc. TetHng MateruUt. 
U, 1048. 1913. 

• "tsborntory MsqubI of Bituminous Msterials," 1st Edition, N. Y., 1016, p. 108. 






METHODS OE TKSTIXC MAM EACTI HED i'HODK’TS ^ .WS 

a circle of i in. holes for (he udinissiuii of solvent, itiid tenuinating in axle 

which fits snugly through a hole in the centre of the brass plate df \ felt ring 
g, I in. wide and about O.OIK) in. llnck (cut from Ko. 80 roofing felt) is firmly 
pressed against the bowl by the milled nut h fur whicli the hollow axle is Miiiably 
threaded. The a.xle in turn fits snugly over the shaft of the mou»r, to which it 
is secured by a slot and crass-iun. 

Weigh 300-500 g. of the bituminous mixture, broken up jus prcviou>ly de.sj nlK'd. 
into the Ih)U'1 c, place the felt ring on the rim of the plate </, ami Ik»1i th('m»fog(‘lhcr 
with the nut i. After a.^^semblmg the apparaUi.s jxmr I5tl c c. of caiboii dMilpliide 
into the ImwvI through the small hole.s, iilaci* the cover over tlie eopiM'r 1h)\ h , ami 
slowly start the motor, gnuliudly inerejtsing its .'^[leed until the cariH>n {li'‘Ulphide 
extract flows m a thin stream from the spout c mlo an empiv flask umlriiiralh 
When the first charge has draineil, the moior is slopjHaj. ficsli carlmn iliMilpIiith' 
added, Jind the ojKTation n*fK‘afC(l 4 to <» nines until tin' cAinni iiin> clno llic 
bowl IS then removed, inverted, the nut 
unscrewed, and any earlxm disuljilude re¬ 
tained by the mineral matter allowed to 
evjiporate spontaneously Tlie mineral 
malteristhen dried and weighed It J.^wl'll 
to (liter the extract through a (Jooeli ciuciblc 
to recover any miner.'d mailer winch ma> 
have worked its way through the fell iing. 
adding saiiH- to the balance of the mincial 
mailer. 

Ricovtnj of Exluichd l{itumiuo\i^ Mnlttr 
I’rom llic weight of the exiracfial inimTai 
malti'r, calculate the bitumimms matl<T bv 
ditlcrriicc. jind evaporate the carbon ili'ul- 
plmlc extract to cxartly this weight This 
iiKiy lie (‘onvemi'iitly jiorformcd by di''lilhiig 
and comlciisiiig most of the <-arbon iloiil- 
plndc over an im-andeso-nt light or an 
clcclnc stove. The ronccntratoil soliilmii 
IS transferred to a fared di.di, ovapoiaicd 
dry on a steam bath, and the Iasi ttaios 
of solvent removed in an oven Jit 105' (' 
until the re.sidue attains tlie caleuiatcd 
wmght The bituminous iiuiffcr may tlni) 
be examined further, according to am of 
the tests descrilicd in Cliaplers X.WIf 
to XXXf inclusive Due allowance should 
lie made for the fact that any non-mmcia) 
matter imsoluble in carlsin d^ulphide (, !c»t 
21/j) will l>e retained mechanically by the (VMiri««v oi a .M-in- 

extracted mineral matter, which with as- -Mochamcal Sifting Apparatus. 

phallic products is relatively unimix.rtant, 

but will amount to a considcralde item in the case of tar products (see table p. 4M), 

Examimlion of ihe liemrrM Mttural Aggrcgak. The presence of any non- 
mineral matter insoluble in carlxm disulphide will lx; revealed by the discoloralion 
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of the mmerel particles. In this case, the weight of the latter should l)e corrected 
by igniting until all carbonaceous matter is destroyed, and then reweighing. The 
mineral matter may l>e examined further by Te.st8 36c, 30c and 3tV (page 039). 
A convenient apparatus for the gramilarmctric analysis (Test 36c) is illustrated in 
Pjg. 198, designed by Forrest.' 


BITUiMINIZED FABRICS 

The finished products falling in this chxss inchido shoot roofings, floor 
coverings, waterproof tnenihraMos, sheathing and insulating pa|)ers, 
expansion joints involvitig the use of woven or felte{l fabrics, electrical 
insulating tape, and certain ty{K‘s of wall hoard (p. 38()). As these are 
constructed in many dilTereiit- ways, it will obviously he impracticable to 
de.scriho in detail tlu* analytical metliods applicable to each. 'Fhe ones 
which follow have been dtwised by the atithor s|M‘ci[ieally for examining 
prepared roofings,^ Init with these as a stai'ting-|M>int, others may readily 
he (‘volved for testing floor eov(*nngs, wateiproof memhram^s, sheathing 
and insulating papers, etc. 

For all practical purposes, prepared roofings may l)o divided into the six types 
illustrated in Fig. 199. 

Type A represents a layer of felt saturated and coated with bituminous matter. 
The .surface coatings may l>o cither fintshed plain or dusterl with very fine mineral 
matter, and they may l)e citlicr applied smooth and level or with a veined ap|)ear- 
ance (Fig. 1221. 

Type B is similar to Ty|)e A, but sirfacod on hath sides with moderately coarse 
mineral matter embedded superficially in the coatings (Fig. 121). 

Type C is similar to Type A, but surfaced on otie side with coarse mineral 
matter emljedded in the coating (Figs. 12.5 127). 

Type D is composed of a layer of saturated felt and a layer of burlap or cotton 
duck <«mented together and coated on top and bottom with bituminous matter. 
Its surface is finished similar to 'Pyiie A 

'I'yjK! E is composed of two layers (*f saturated felt cemented together and 
coated with bituminous matter, being finished on the surface similar to Type A. 

Type F is composed of two layers of saturated felt, cemented together with a 
layer of burlap in lietweon, and coated with bituminous matter. Its surface is 
finished as in Type A. 

Where burlap is used, it is usually emlteikknl in the Itituminous cementing or 
coating material without previously l)eing saturated, due to the fact that burlap, 
on account of its structure, (kM's not ulisorb the bituminous .saturation in the .same 
manner as felt. 

Physical Tests of the Finished Fabric. The finished material is tested for 
pliability, weight, thickness and tensile strength. 

PliabiHly is tested liy cutting lengthwise from the centre of the roll a strip 

>“A New Device for the Mechenicai Analyais of Coocrete Aggregates," by C. N. Forrest. Proc. 
Am. 8oe. rrsrtn(^ Mattrialt, S, 458, 1906. 

* “Analysis and Testing of Prepared Roofings," J. Ind. Sng. Chen., S, 1048, 1917, 



METHODS OF TESTING MANUFACTURED I>HODU(’1>; 5(U 


1 in. wide, and commencing with the largest, successively iH'iulmg it around various 
cylinders under water at temperatures of 77 and 32^ F., r(‘si>ccti\Tly, nvordmg the 
^cylinder on which the surface cracks. Five cylinders an* used m llic test, meas- 




Fkj J!H).--'rMK'" of Prcp.'irod Itoniing' 


urinK 2!, 2, li, 1 and 1 on. n. d.an.o.or, ,o>|k.o(,v,.|,' A o.,nvo..„ ..l ..pp..r«ln» for 
(his puriK,se is show.. ... 21H). Tl.o d.....ld ho !«•..( paralh'! P. P» H, 

(hrounh an nre of lh(l°, at a .in.fon.. s|«'.-d, and in exactly 2 seconds limo. 



2(X).--Mandroh for ToMlliK I’lmh.lity, 


The pliabiWy is expressed in figures from 1 lo 10, as follows: 


M.V I. bent throasb ... .rc ol IS.,‘ ... o... d„«t.on 0 . . fl.t o.. 'ImI I, .nd then thros.b .n 
■ uc ol 3 toAs lli« otiwr 'l.r.cl. 0 ., .... (1.1 w. nwll. «.lb<"n ' r.cki.., tb. .url.c. 
b. beat fl.t on ..«!( o . . •bmaxh ... '■< "f y""'" ''•"‘'“d 

but • ill cr.i k » ben bent Ibronih ... .re nl 300° .n tb. otber dir« turn, 

Sutlw. crack. »heo l«nt tbrou’h Ki .re ol ISO' (fl.t on iti.ll). 

Surface ertck* on th« i-eni. c)l»Dd*f. 

Sur(at« c»ck« on lh« oylindw. 
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6 durface cracka on the I|*em. cylinder. 

7 Surface cYacka on the 2-cm. cylinder. 

8 Surface cracka on the 2i-rm. cylinder. 

9 Both the surface and the interior of the sheet crack on the 2S-cm. cylinder without, however, 

crackiDR rntxrdy throiiah the sheet 
10 The sheet cracks entirely through on the 21-cni cylinder 

Weight, in Ihs. per 100 sq. ft., is determined in accordance with the method 
to be descrilied later. 



I-’k;. 20!.— Ti’IimIc Spirnmit. 



Fio. 202.—In.'^tniment for 'I’c'ifinR the Tensile .StreiiRtli of Prepared IloofiiiKs. 

Thifkncs.t, in mils (thousandths of an inch), is determined with a micrometer 
califier, having flat bearing surfaces about J in. in diameter. 

TennUe Slrenglh is determined by subjecting a sjiceimen cut in the direction 
of the length of the roll and of the dimensions shown in Fig. 201 to a tension which 
is increased at a uniform speed of 3 lbs. jicr second, the specimen being maintained 
at a uniform temperature of 77“ F. during the test. A simple and effectiN'e instru- 
n^nt for finding the tensile strength is shown in Fig. 202. Ten such tests arc averaged. 

The author has found tliat tlio follouing Ihixv tot.s will throw considerable 
light on the probal>lc liehavior of tlic hituminized fabric iii>on cxjxisurc to the 
dements. 




MKTHODS OF TESTINf! MANl FA(TniKI) l>liOI)(CTS ‘'r,C,3 

(1) Ikuliun h 125° F. for 100 //is- A slrip of (lio roofiiiR is cut PMrtly 
12 in.X12 ID , care lieiDR (aken not to dislurl, any of il,,. ,|,.|aclic(l niiiuTal inaticr 
on the surface, and susin-nded in an oven from a tliin wnc faslciiiHl llinaiKli lioIc.s ,ii 
the upper edge of the .strip The iiiecc of roofing should !«■ allowed to hang fmdy 
and maintained at a temperature of 125“ F for ItIO hrs .\l the end of this time 
the roofing i.s allowed to cool. The pliahilily, weight, thickiicw and .slivnglli are 
ledcterniincd and the changes from the original figure.s e\j)re.sved ni |H'rieiitagi'.s, 
Any change in the ap|icarance of the .-iirface should also !»■ noted, eg,’ .sliding 
of the mineral matter, alwirption of (he coating hy the felt, any yellowing of the 
surfucf blistering:, etc. 

Heafiiif? 'I’est No. I shows tlie siisf-eplibihty of the to the heat of the 

BUD. The Ions ni weight is e(|Uivalenf to ihe volatile iimller. a decreiiNe in llnekiiesH 
would indicate dial Ihe surfaie coatings lia\e too low a liMiig-ixunl and nro 
absorbed by the salurant; a large inciea.M‘ m tensile slieiiglh and decn-ave m 
pliability would indicate tliat tlie looting lias n leiicjcnc) to diy »iui !apidl\ on 
oxposnie to the elements Any yellowing of die mineral Hinder on die suiface 
would indieate the pre.si'iue of nn.‘'lable oils in the Intumiiious «oaimg .a- .saiumtinn 

{2j AVpo.vn/f to Air SiUuinlcil with Afoi.stuic at 77 F for KKt ///.s ,\ecinalelv 
eut a .‘‘trip of rooting IS in X IS m . and weigh Hemove the defadud imncial 

particles from both sides of the ^heel with a moderately still bni.vli, and reweigh 

(area CfjUaN 2\ sq ft ) Suspend in a tight bo\ eontaming Miflincni water at Ihe 
bottom to saturate tlie air willi moisture (’over tightiv ami allow the ^)le<•llln•n 
to remain in tlie moi-t air for IIK) hours at 77* K As the moi'dirc cntcis more 
leadily through the cut etige.s of the .daci than through tlie .siiifacc iiwlf. ti in 
.sliould be trnnmeil from the edgc.s at the fcrrmnalion of the lest, halving a xinp 

mea.suriiig e\aetly 12 in X 12 in. rc[irc'-enttng flic nniial portion f)f the oitginid 

speennen. and weighing of (he latter XM-erlaiii the \^e|ghf. tliirkiicss and 
tensile .strength of the 12X12 portion at tiic end «if the (eM. and calinlale any 
variation in peurniage from the original figuio '1 he iiurca.se in weight should be 
iigumd on the ba.si.s of tlic onginal inaitaial iinlwtinj the d<-tachcd mineral 
matter 

()1) liiintdsion i/t Water at 77’ /’ fn ///■- 'I'liis f(*st is run (‘\a<-tlv (he 
same as (he preceding, only in (his caM* da .'|h ( inicn .should Is- mimeiM-d en(in-|y 
m water al 77* F for 10(1 hours An I's in / is in shi-d of loolmg i>lioiili| )>e 
used m making the le-st, ami tninined to 12 in X 12 in iH-foie reilcterminiiig its 
weight, diickiic.ss or strength 

Te.sls Nos 2 and d show the .suscepiibilitv of die roofing to ih«' action of dani(H 
ness and water 

A skeleton of the physical fesl.s just dcstfiU'd is shown in Table W.WIII. 

A variation of these tc,s(h <oiisisi> m tiist .subjcrtiiig a sjKiinien of the Mailing 
to the action of moist air or water foi 100 hrs, then drying at 125" F for IIKI hm., 
re-flubjeeting to die action of moi.st air oi wal<*r for another KH) hrs, and linally 
repeating the di>ing priM'e.s.s for lOO hr.s 

Although the.se tests throw consideiable light on the Ixdinvior of the roofing 
towards atmo.xplMTi<’ heal and imnsiim-, nevertheh-M they fail to recoid one very 
important factor, namely, tlie elTect of atmospin'rn- oxniatiou At the presi-nt time 
we know of no aecelerattsl test b> whnh lliw can Ik* accurately in(‘Hsuri*d The 
effect of oxidation can Ik* record<-d only by actually subnntting the roofing to ati 
exposure test for a lengthy jienod of tune. (Set‘ p. 577 ) 



564 


ASPHALTS AND ALI4KD SUBSTANCES 


TABLIO XXXVin -IMIYSICAB Tl':sTI\(i <H’ PUFPARFD noOFIXGS 



Original 

Material 

After 

Heating to 
12.-)° F for 
UK) hiH 

After 

Fxp<i.sing to 
Air SutnrHtc<l 
witli Moisture 
at 77° 1' 
for UK) hrs 

After 

Immersing 
in Water 
at 77° F 
for UK) hrs. 

Pliability at 77° F 

Pliability at 'ii° F 

P 

l> 

: /'i 

PI 



Weight in li>B per Kill s<i It 

% Decrease in W’eight 

! 

1 

■'"--xioo ; 

in 

U'» 

% Increase in Weight ... 

i 


1 -c, -le 

- XUK) 

IC 

: --—XIOO 

Thickness in Mils 

< 


h 

fi 

% Dct reuse in Thickness 


t - ii 

- XICO 

1 



% Increase in 'I'hirkiiess 



•—XUK) 

t 

(i- 1 

— XIOO 
t 

Tsnsile Strength at 77° F 

. 

■n 

n 

•'1 

% Decrease in Strength 



- -XUK) 

"-"-'xioo 

% I.icMuge in Strength 


-xloo 




Separating Prepared Roofing into Its Component Parts. 'I’hc mineral matter, 
bituminous matter ami tlbrous matter are disinltijled m the following manner: 


2— Fmbc4t(l«(t in the 

top Btirfare coat- 
mi{ 

3— Kiu>)eii<leil in the 

bottom eurfare 
coatinit 

4— AdmuO'i nith the tup iiirfacc coating 

iTvpcH B. (’. 1), IC rnd K) 

5— AdinueiJ with the bottom eiirface coating 

tTypcH A. tt, C. D, K and F) 
fl—Adintxt'd wall iho ocmonling Iiiycr 
(Types !•: and F) 


MJSEU\L MATTtU 

VfTv F\nf A/i»irr<it MaiUr (c g . finclv Kroniid talc, mica or silica) Types A, 
1), F and F (on top and hottoin) algo Type (' («u bottom onlv) 
(l/octcKi/f/p Coiirif Miiiiiiil Mitthi (eg. sand, i'<iar8clv ground talc, and 
i'oar-«- nnea (lakes) Type B (on (op and bottom) 


Coalin’ UiiiiTiil (eg. croshed slate, crnghetl brick or tile, cruahed 

feldspar or granite, amnll pebblea or gravel) Type (' (on top only) 


May or mav not lie present It present consists 
of verv fine mineral mutter (eg, clay, sdica, 
limestone, sliale, colored miner'll umdes. etc ) 


aiTCUINOPB UATTER 

1— Contained in the top surface coating (all types). 

2 — Contained in the bottom surface coating (all tyiies). 

3— Contained iu the cementing layer (Types 1) and F) 

4 — Containe*! in the fabric, preaent m either one layer (Types A. B, C and D) or distributed in several 

Uyete (Types K end !■') 

riBROOS UATTBB 

I—One or more layers of felt (all types). 

S^Buriap or other fabric (Types R and F). 
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^ .'ior. 

The separation of preiwred rooting into its ooinponcnl parts la carriial mil as 
follows: 

Weight Per lOU Ft. Carcfullj unpack the mil, taking can- not to ,I,.inch 
any of the mineral surfacing or diisling finish Weigh the riHifing aller ivnioving 

the wrapiier, ends, nails ami ... packed in the coic of the mil Mea.siirc 

the length and hreadth of the roll ailli a sicel la|K., recairdiiig the diiiiciisioiis lo 
^ in. (’fticulate Uie area it) sijtiaro fcot 

Future tKc woinht of lUc fniislicil roolliiK in llis per lOfI B<i (t • 

Cut ecverul etniie I'latdy in unlc Ihf ^Iha'I 

Note —Witfi rooliiiK .‘If) m wnle. tlicse hfrij H will monmirc cxik IK j v.| It , ntnl wnli roofina ;i:’ m 
ttitie, tlie.\ Hill n tasiirt' 5 i>ij It l-ind flic wiiulit of Btiip tn ».<i.iiiih 
C alculate the wciitht of like roolint; III His per liHi ei| ft 

Note With :m> m roofing. wt 1 . Ihs per IlHi ii| ft :f 111 itriinii kmids 

With :f 2 ill rikolitiif. wf in]l(i per I(H|0.| ft -(I.CtlVwl ,{ in cliip in ai iih'^ 

CiikCR -Hi'Siilt (1) ulioiihl e ji'til le^nlt I Jl 

Detached Mintrnl Multtr Ifpinovt* t.lu‘ drfaclinl iiimeral p.-irlifirs fmm hiith 
siclcM of the d-iii. siiiiK-i with a inoflfratcly sdiT l»ibli or riolli ami ii'uoinh in uranin 

Culrulate the weiKht i|etu< he<l iMiiieral mutter 111 IliB pcrUHini ft. ^tk 

Dry Fell and liurhiy, Tolnl Finhuhlfd ami .\funritl Miiltn, Ttdal 

liitumtnoufi MaUer. I'Atrai'f <>iic of tin* ii-iii ‘•Irip.s ni ;i So\lilcf f\tr;ifloi \m||i 
lienzol. J)ry llu* (AlrarU-d fabric loj»cflu*r uilli an> aillicntij: miticnil maiii'r nl 
110“ ('ool in a ilcsicciilor ami wetyh llu’ b'll as iaiiiill_\ a^ jiosmIiIc In-foie il has 
an opporlunity to al)»i»b nioMiin' ftoin tin- air ]{c|)cal llic drying, until llu- ucinhi 
IH oon.'-itant Carefully bnisli olT, wci^li and m-I a.-axlc llic .'(dbcrin^ mineral mailer 

Calriihitt- I'm weiu’it of .•ucli Inver tirv felt or Imrliip ei II n per lix* sij ft (It 

Note I tie the HCpHrale.l felt or hurlup for cxuminm.: iIh pliV'<Mftl uml <liemii-itl elmrio leiiKtii’M 
HreoriluiK to the metho<lti )i<- <leH<ril)e<l Infer 

Separate the mineral matter from flie ben/ol I'xlrael bv filfeniin fir eeiilnfuninK- 
wuah clean with sueet^.Hsive iHirlions of lienzol, dry and weinh Combine with the 
rmneral nmtier bru!<lu‘(l (kff the i-vlraeled felt 

Calrulhtf the Height of the Piliit emi e<Mr'<i iiinl uilinued mitier:il iiii«tt< r in llm per MMi i|i| ft (^) 

Screen throunh a set of standard sievt-s of liifTerenl mesli A mere msiieelion 
of the partiele.s retained by the various sfrecii.s wdl eiialkle one lo fll^lln^^ul^ll the 
moderately coarse or coarse emix-dded mineral matter from any very fine admixed 
mineral matter prestent in 'fyiH's H and C 

CulcuUle the weight f»f nioderatclv cournc 1 r < - him- ♦ roLiHhjcij miiicral ii sltcr in Ih* per PK) tij ft 
fur Types H sml C. or lulciilats the cuinhined weiitht of verv line eiiilie<hlei| rniiicral matter 
and Bfln.ixed minerid matter i» II»B per I0<t S'l ft for 'I vpes II. I. and I fil) 

Calculate the total wciahl of IntumirK'iua matter in lOn per ItNl au ft . 1 c . 11| -|(.U | (4) 4 f.'ijj (7) 

Dilunmums .SVipira/ion in the Fell. A'arm a strip about 2 in. wide cut lenKth- 
wise from the roll, and tear off the eoatm^s as shown in fiK 2tKl, lukinK can* tliat 
in so doinff a-s little a.s jKissible of the saturatetl felt is removed with the etinlingn, 
and, on tlie other hand, that none of the eoatmus o’* tiemenling layer remain 
adhering to the strip of saturated felt. The small arrows to the left of the various 
types of roofing illustrated m Fig. 199 indicate apprriximately where the layers 
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should be separated. This can readily \>e accomplished with a little practice and 
dexterity. Where the roofing is com|)osed of one layer of felt, as in Types A, B, C 
and D, the zone Ijctweon the arrows a and 6 should be separated. Where the 
roofing is composed of two layers of felt, as in Types E and F, separate the zones 
between the arrow’s a and b, also c and d, respectively. In this manner, about 25 g. 
of the saturated felt (free from the coating or cementing layers) are obtained from 
each layer. Weigh and extract eac-h iwrlion separately in a Soxhlct with benzol. 
Dry the .extracted fiOt at lit)'* ('. to constant weight, desiccate and weigh. Cal¬ 
culate the weight of bituminous saturation by difference, and evaporate the benzol 
extract to exactly this weight. 

Note—Tbi' tin* rriHhic of ItilumiiioiiB saturation reroveroti from oat-h layer of felt for examining iU 


pli>8i('al an<j elieminil ( hurn<-t<TiBtn-B, atTonjing to the methoJa dee4'ri)>e(l later 
Caleulato the per rent of IntiinnrioiiB Buturntion earned hy each !a>er of dry felt (8) 

Caleiilato the weight of hituminouBaattiration preaent in each layer of the felt in Iba |>er 1(X)8<| ft. 
!ic(8)X(4)]. (fl) 



Fiu. 2(K1.—M(‘(ho(l of Stripping the Coating.'^ from the Siiturafiil Felt. 


WeightH of Bituminous Matter in the Coatings and Cemcntnig Lnyer.~\f\ types 
A, B, C and D. Tlie comlHned weights of bituminous matter in the top and l>ot- 
tom coatings in lla. |)or UK) sq. ft. may be calculated by subtracting (9) from (7). 
To find the rt's|)cctivc weights of l>ituminoua matter in the top and l)ottoin 
surface coatings, take a 3-in. strip cut across tlie sheet of roofing, from which the 
detaclicd mineral matter has ben removed, and split it lengthwise by tearing (he 
felt, midway l)etw'een (he points a and 6 (Fig. 199). Weigh and extract each section 
separately in a So.xhiet. Desiccate and w’cigh the dry felt in each section (and the 
burlap in Tyjfe D), also separate and weigh the total embdded and admixed 
mineral matter. Calculate the weight of bituminous saturation present (le., weight 
of dry felt X (H)l. From the original weight of each section subtract the combined 
weights of dry felt, Intuminous saturation, embedded and admixed mineral matter. 
The difference represents the weight of bituminous matter in the surface coating 
carried by that particular section. 

Calculate the weights of bituminoua matter iii the lop atid iMittom coata, reapectirely, in Ibi per 
lOOaq, ft. . (10) 

In Types E and F. Take a 3-in. strip freed from the detached mineral matter 
as previously described, and split it into three sections, by tearing through the 
felt midway between the points a and 6, also c and d, respectively (Fig. 199). 
Weigh and extract each of the three sections separately in a Soxblet. Separate, 
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and in each case weigh the dry felt (also the burlap in Type F) and thd total 
mineral matter. FoUowmg the method previously described: 

Calculate weisbta of bitumiooue matter in the top and bottom coata reapectncly in Iba per 100 

W .. . . (H) 

Calculate v^eiRht of bitununona matter in the crinentiiiK )a>cr in lbs per 100 at] ft 

Calculate weight of very fine mineral matter admiicd with the ceinentuig layer m ll»e>. per 100 i«i. ft. 

Very Fine Embedded Mineral Mafter aho Admired Mineral Mailer, in the Top 
and Bottom Cooftn^s Respectively. Types A, D, E and I'. Take another 3-in. 
strip from whieh the detached mineral matter ha.s l)een hru.shed o(T, and remove the 
outer layer of the top and bottom coatings respectively, by means of moderately 
rough sand paper. Enough of the surface should Ik* scrajied to remove every 
vestige of the very fine emlicdded mineral matter, and at the same time care should 
be taken not to out completely through the surface coatings into the saturated felt 
underneath. 

With Types A and D, split the scraped sheets lengthwise midway lielween the 
points a and 6. With tyix's K and E, split the scraiied sheet.s l<‘ng(}nvise midway 
respectively, lietwcen the points a and 6, also c and d, discarding the I’entral 
section. Extract the scraped outer sections separately with benzol us liefore, 
recovering and weighing: 


The dry felt preecnt m the reepccthe erraped Bcctiona . (12) 

The admixed mineral nmlter prenent in the srraped Beclioim (13) 

The tiifnl l)it*iniino(i8 matter present m theeiirfa«'e roatini; and satiiraliiiK the felt in the respeetne 
srrapecl rertione (14) 

Tlie (Irv Imrlap (in T\pe I». 

Calnilale tlip bitiiminotis matter present in the felt in the resi>eetne B<'rai>e<l BerlionB 

[(X)-^100X(12)| .(13) 

Heiire the bitiiminouB matter present in the snrfn'e loatina reniaming on the respctive B'raped 
aertions “(11) -(l.'i) (Jfl) 

The proportion of lerv fine miiierni matter fidnimed with the bitiiminoiiB matter in eaeh runtinji 
-(13)(17) 
Total weitfht of \ ery fine iinneni) nuiller fo/mixcd with the respedii e routiniis in II>b per 100 sn ft 

• (17) X( 10) !iii Types A and Di or (17) X(l 1) lin T\ pes 1, and 1] (IR) 

Ami weisht of \erv fine mineral nmlter in the snriuie of the respectne <ou 1 iiikb in ll« 

per 100 s<i ft .^(|,)-.(1S) 


Nature of the Bitummous Matter i» the Coaltngs and Cementing Layer. Hrush 
off the detached mineral matter from a surface aliout 2 sq. ft. in area. I’hen scrape 



off the outer portion of the surface coating with a sharp knife. This is accomplished 
by hohling the knife at right angles to the sheet of roofing resting on a firm, level 
surface, and rapidly drawing the blade sideways under moderate pressure (Fig. 204). 
Care should be taken to avoid scraping entirely through the surface coating. This is 
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i by fiSgt js: 'i r*™' 

Dry and rmgh (he mineraJ n>a((er. Calculate the weight of bituLous JtenX 
scrapings by difference, and evaporate the combined benzol extracts on the watj 
bath to exactly this weight, completing the evaporation if necessary in an oven. 
Both surface mlings should be treated separately in this manner. In Type D the 
bottom mtinfi may mdiJy be removed by cooling the specimen in an icC’Chest and 
rapidly tearing off the burlap, which will carry most of the bottom Ofjat with it. 
This «hou/(] tie extracted, /iJtercd and the extract evaporated to obtain the pure 
bituminous matter present. 

With Type K the central web of burlap may be torn out, and the bituminous 
matter conlaiucl in the cementing layer separated in the same manner. 

With Type K the bituminous matter may be separated from the cementing layer 
between the sheets of felt, by cooling in an ice-ehe.st, rapidly tearing the s|)eeiinen 
in two along the plane of the cementing layer, scraping and separating the bitu¬ 
minous matter as described for the surface coatings. 

Use the separat'd bituminous matter for examining its physical and chemical 
characteristics. 

Testing the Raw Felt. Ask. The ash is determined hy incineration and 
calculated in jierccntage. 

Fibres Present. The percentage composition of the fibres is determined niicro- 
aeopically by .stuining them with a solution of zine-ehlor-iodidi' ([brepaix'd in- dis¬ 
solving 4 g, of polasdum ioilide and 0.1 g of iodine In 12 ee of water, and tlien 
adding 20 g of zme ehlonde), and eoimting under a rnieroseopi* having a magnifica¬ 
tion of al) 0 ut 100 (liatniders. The individual filires are recognized by llieir cliar- 
acteristic shapes and the I’olors tlaw are staine<l by the zine-chior-iodide solution. 

The percentages arc ascertained by counting the fibres m a number of fields and 
finding their average. 'I'he following classes of fibres arc reported 


Rax Fibres 


Paper Fibres 


Cotton fit)rc8 • Btuinoi wiiie-rcd 
Wool fitiree—uneloineil tiv the solution 
. JittQ and niainla fibres—8t.iincd a \ellowi6h brown 
I Mecltatiiral wood piiln-stained lemnn-ycllow 
\ Chemical wood pulp (Hulplulc and soclii)—stniiu'd uinv 


'll purph- to piii]ili' 


The following solution has liccn suggested for distinguishing the different kinds 
of chemical wood pulp, including unbleached and bloa<-hed sulphite pulps • d'he 
fibres are first moistened with a b iier cent .solution of ammonium molybdate and 
then with a solution of iiaranitroanilinc (200 nig dissolved in SO (■<■. of (iir,iiil(-d 
water, to which are added 20 ing. sulphuric acid, spgr. 1,767). 'fhis stains the 
fibres as follows: 

Moi’hanifai wooci pulp . . briKht reddish nranse 

t'nblearlied sulphite pulp ... faint dul! orange to taint bronnisb 

[Moiiclu-d siilphito pulp iind soda pulp. rulnrless 

Another reagent recently proposed for this purpose* is prepared by mixing equal 
volumes of N/IO ferric chloride and N/10 potassium ferricyanide solutions. The 
moist fibres are immeiaed for 15 minutes at a tenijieraturo of 35® C., removed 
and washed thoroughly with water. They are then immersed in a freshly preiiared 

’ “Paper IleaRsnt.’’ by W. J. Srhepp, ('hcmtiit Annli/al, p. 20, September, 1017. 

t“A Methml to Distinguish lietweeo Rleaehed and Unbleached Sulphite Pulpe,” by C. G. Boght, 
J. Ind. Eng Chtm , •, 1044.1917. 
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red stain composed of: Iwnzopurpurin 4-1! extra (Bayer & Co.) 0.4 oxamine 
brilliant red BX (Badische Co.) 0.1 g ; and distilled water 100 o.e. This is main¬ 
tained at 45® C. for 5-6 minutes, the libres thenipon remox-ed, washed immediately 
with xvater, and examined under a iiiieroscoiie. I'nbleaebed sulphite pulp, around 
wood, jute, or any lignified fibres are stained a deep blue (the depth deiieiiding 
upon the lignin content); whereas bleached sulphite pulp, soda jiulii, rags, wool 
or any thoroughly bleached fibres are stained a brilliant red. 

"iVi/iidicr." This is an arbitrary figure adopted by the trade, eorn'.spoiidiiig 
to the weight in pounds of a ream consisting of 480 sheets, each measuring l‘d in. X 
12 in. 

Thickwfis. This is expressed in mils. 

MitUt'n Strfngth. Since the raw felt is not susceptible to changes in iem|H'ratiire 
(as is the case with the finished rixiling) it may lie tested for tensile slrength bv means 
of the Mullen tester.' The specimen is accordingly te.-led at room tempeiiiliiie by 
increasing the tension at a imijoim s|H'ed of 2 ll.s per K'cond until it iiiptures. 

Thickness Fiidiir. This is eriuiil to the thiekiie.ss in mils divided by the “num¬ 
ber ” of the felt. 

Siremjlh Fmior This is eipial to the Mullen streiiglh in jioiinds dividi'd by the 
“number” of the felt 

Testing the Raw Burlap or Duck. IIVip/i/. In the case of burlap and cotton 
duck, the weight is figured as explaiiiisl on ji 

Thickiu'ss Expressed in mils. 

Mullen Ftrcnijlh. Determined a.s di'scribed for testing the raw felt. 

Bituminous Coating, Saturation and Cementing Compounds. The.se should lie 
c.\amined by the methods de.scribcd iii Chapters .\.\I,\ to XXXI inclusive 

Mineral Surfacing and Admixed Mineral Matter. These may lie examined by 
the methods outlined in Test dti (p .a.(S). 


HITUiMIXOlS EMULSIONS 

Those ineludo hitiiniiiioiis oiiiul.sifyinK oils used for liiyiiiR dust (" dust 
pallialivos” p. :i.):i), al.so biliinimotis omtilsions used for walorproofing 
Portland-conionl mortar and concroto (p. l.'iT). The following prodticis 
are likely to he pre.seni, viz.: water, atiiinonia, various chemicals, hilu- 
minoiis matter, animal and vegelalile oils or fats, other forms of non- 
hittiminons organie matler and mineral matter. 

Water is determined as descrilied for Test 25 Ammonia is liberated by render¬ 
ing alkali with caustic (iota.sh and healing If present, it is detected by its odor, 
and may lie determined quantitatively by distilling into a standard solution of sul- 

> The tcuBilc strenKth of the dry felt iti inireuM-ii iiialeriall^ l>v extrA<liiitt a5iI)i ■oivonta, but 
It may bo inatio to oorrosjKind olosely willi iIb original Iikuios, by oxtionii.K tbo (Uvatiirati-fl fell 
fur 3 fia.Mi to uir nt 77° F ooiiipietoly Bfttiiratoil with moisture, \tn<ir to its Ix'Iiik tented The fob 
lowing figures will illiiBtrate this ixunt, vi* elrength onituial felt (liefore entrailmii), 23 3 lb. 
(average of 10 tests), original felt upon heating to F for r> mioufes. rmiling in s desieraior 

and testing in.meiliately, 269 lb, original felt upon extracting witli benroi in Soxlilet for b 
hours, ouolmg m dosiciator and testing imniedialely, 36 4 lb. exfraete<l felt eipoac«l 3 days to 
air at 77“ F carrying 30 per rent molature, 33 6 lb , extraeted felt exposed 3 days b) air at 77“ F. 
completely aatursted with moisture, 27.0 lb. 
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phuric acid and retitratiiiK witli alkali. The presence of chemicals may be detected 
by boiling with water, acidifying with hydrochloric acid and extracting the bitu¬ 
minous and fatty substances with iK'nzol. The chemicals remain in the aqueous 
layer and may lie dcU'rmined liy a qualitative or quantitative analysis. Bituminous 
matter Is detcTtnined by sa|H)nifying the material and then extracting the umsaponi- 
fiable constituents as dc'^crilied in Test 39. The non-bitummous organic matter 
and the chemicals are separated from the liituminous and fatty matters as previ¬ 
ously descrilx'd, and the non-bituminous organic matter in turn separated from 
the chemicals by suitable methods. Mineral matter is determined by incinerating 
a weighed quantity of the material and examining the ash as de.scnljed in Test 30 
Animal and vegetable oils or fats are examined by Tests 37, 39 and 40 resfiectively 

BITUMINOUS PAINTS, UEMKNTS, VARNISHES AND JAPANS 

As fx)lnt(‘(l (Hit in (’luiptor XXVTI, bituminous paints, mnonts, var¬ 
nishes, onaineis and japans art' all charactoriz(‘d hy the presence of a vola¬ 
tile solvent witli a bituminous biuse, combined in the form of “ veliicl(‘.” 
De|K‘nding upon vvliethm* or not (ho bituminous paints and cements 
conUiin a pigment or tiller, they may Ui divided into two general classes, 
viz.: 

(1) Pigment or filler absent: including bituminous varnishes and 
japans, also certain bituminous paints and cements. 

(2) Pigment or filler present: iiK-luding bituminous enamels, also 
certain biUiminotis paints and cements. 

The first cliuss consists of a vidiicle made up of a solvent and base. 
The seeond eonsists of a pigment or filler combined with a vehicle, 
the latt(‘r similarly being made up of a solvent and base. T'he 
bituminous base may be composed of bituminous matter, with or 
without the presence of animal and vegidable oils or fats, resins or 
metallic dryers. In making an analysis of the paint, cement, varnish, 
enamel or japan, the following compomaits arc .separated and examined 
viz.: (1) .solvent, (2) pigment or filler, (3) base. 

Estimation of Solvent, linintl mdhixl iisal for dHcnnining the fxreentage of soli'eut 
present: 

The method devised by A. L. Brown is rapid and gives accurate results, but 
docs not recover the solvent for further examination.' Deliver 3-4 c.c. of the 
well-mixed material (cements as well a.s {mints of a heavy lx)dy should first be 
thinned to fluid consistency with a weighed quantity of pure benzol) from a 10 c.c. 
pi[)ette into a weighed glass fla-sk of /)0 c.c. cafiacity, as rajadly as {XKssible. Stopper 
the flask immediately, weigh, and dilute to the mark with pure lienzol. Deliver 
exactly 10 c.c. of the well-ini.xed material from tlie {lipctte upon a weighed ground- 
glass plate, 10 by 15 cm. and 1.5-3.0 mm. thick, supjiorted in a level position. 

‘ "Qunntitativo netcrniination of no(l> and .^oKent in ^'arnlsIl,’' by A L Brown, Proc. Am Soe. 
TctO'nir 14, Part It, 4i$7. UIH, ‘‘Determination of Volatile Tiunner in Oil \arnUh,'’ by 

E. W. Bouabtun, TeolinuluKic Paper No 7tl. Bureau of Slandarda, Wa«L , D. C., June 21. ItUO. 
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The diluted inatorial should be flowed Kradually on the plate, the ohjeetr l>eing 
to cover it entirely, without causing the solution to (‘r(‘ 0 |) over the edges. It ia 
recommended that 7 c.e. Ik? delivered first, and the remainder, a few drojie at a 
time during the ensuing 2 ininute.s. The evn|>orntion of the Itenzol will carry most 
of the solvent with it, and the film is so thin that the solvent will "vaporate in 
li-2I hours, the plate lx*ing weighwl every half hour U> follow tin* course of evap¬ 
oration. Should the material contain a drying oil, the plate must be placed in 
an atmasphere of illuminating gas after the first half hour, replacing it ;ifter each 
weighing. The solvent has entirely evaporated when a constant weight is obtained. 
From this calculate the |K?rcentage of solvent iiy weight. An idi-a of the drying 
qualities of the film may l>e gained l»y plaiing the glass in a fice circulation of 
air after the solvent is eliminated, and weighing it every hour as the film oxidizes, 
until it no longer incrednea in weight. If the coating has a tenden<-y to dry 
unevenly, a weighed quantity of fiO-mesh sea sand, jimviously dried and igniti'd, 
may l>e sifted over the paint in a very thin layer, hut so tlie f)ainl will lie visible 
between the grains of .sand. This will insuiv a uniform evapoiation of the solvent. 

Method lined Jot Recovering the Solvc7d for //*• Rxovivialmi and Idtulijuaium. 
Distil 100 g. paint m a 50()-ce. flask, connected with a spray-trap and a virtical 
condenser, and paKS through it a current of dry steam, the fla.''k l>cing heated in , 
an oil Imth to 100* C. As the steam passes through, gradually iaiM‘ the l(‘nipera- 
lure of the bath to 130* C. (’atch the distillate in a wparatory funnel, conlinuing 
the distillation until llie funnel contains 4tK) c.c. of water. 1’(> prevent fiothing 
and Iniinping, it i.s a<lv!uitag(*ouH to weigh a small piece of broken gla.s.s or pumice- 
stone into the flask. Ix!t the distillate stand until it sepaiates into two layem. 
then draw off the water and determine the volume and weight of solvent n'covered. 
Weigh out another l(K) g into a 2r)0-c c. flask and distil without steam over an 
electric .stove, (.'ontinue the distillation until the residue in fh<‘ flask ri'aches a 
tem|)erature of 200* (’. Thi.s gives soinewlmt lower msulis than the fiisl method, 
but the distillate should be (e.stcd for water soluble substance* to ctirreef the result* 
obtained liy the previous method. Turpentine dissolvi* to Hie extent of 0.3 g. 
for each lOO c.e. of water condensed.' 

Pigment and Filler. Dilute KKl g. of the well-mixed material with lAH) c.c. 
of l>enzol in an 80()-c.c. stopfiered flask, liCt stand in a warm plai'o until (he pig¬ 
ment or filler has settled, then carcdully decant the su|KTnafant licjuid into a clean 
fla.sk of large capacity, 'i'hc iiigment or filler is shaken up with 2.W ce more 
lienzol, allowed to stand in a warm place until it settles, and the HU|)eriiatnnt 
liquid decanted into the second flask. Reiieat the treatment with Umzol until the 
vehicle has been completely extracted from (he pigment. The comliined (‘xfrads 
are allowed to stand quietly to recover any pigment that may have lieen larried 
over with the fienzol, and then carefully decanted (hr<;ugh a weighed CimkIi i rucihle 
provided with an asliestos filter. The residues in (he flask and on the (Iixm Ii crucihle 
are washed with lienzol a* before, and combined with (he lialanee of pigment or 
filler which is then dried at 110® C. and weigjied. llie pigment or filler thus 
extracted is used for a qualitative or quantitative analysis (Test 36<-).* 

Examination of the Base. The comliined extracts of the preceding test are 
distiUed to a small bulk, transferred to a tarod dish, and evaporated in an oven at 

«''SomeTecbiral Melhodtol Teslins: MiacelUnwiUB hv P H Walker. BiilMin No lOU. 

Revtted. Bureau of Ch*m., U S, Dept of Agn . Wash , D C . FoU 2H, HilO 

i " Aoalytif of P am *# aod Paiotiog Matariala.’* by H. A. Gardner and J A. SebaetTer, N. Y., 1911. 
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110° C. exactly to the calculated weight of the base, by subtracting the weights 
of solvent and pigment or filler from (he original weight of material taken for 
examination. When oxidizabh substances are present, (he final evaporation should 
take place in an atmosphere of illuminating gas. 

7’he base recovered in this manner will contain the bituminous material {with 
the exception of the “ free carbon ” which will be separated with the pigments), 
animal and vegetable oils or fats, resins and metallic bases and dryers. It should 
be tested, by the methods described in Chapters XXVTII and XXIX, to identify 
the materials used in its manufacture, or to aid in its duplication. It may be 
separated into its cotn{K>nent parts as follows: 

Mitiwil of Annlyiuig (In’ Stparaltxl liita 

DiflBoIvp .'lO K »i t.'iO r r benzol. A(i(J 10 c c dil iiitru' aci'l M I) and boil under a reHiis con* 
denaer f»r J hour to dei’otnpose any riietullie aoapa (i c drierii. ot<') Achl 1.^*0 c c water, boil under 
reflux ciMidoiiBcr, traimfer to a aoparatory funnel, draw off the miueoi a laser, boil wOh another 100 r r 
wuWr, and re|)ea( if noeeaaary until all the nietala are rernosed 


liinvl Soluliiin 

Dmlil to HM) (• c , uild 300 c c of the saponifying liquid (Test :i9), boil under reflux 
condenser for 1 hour, and separate the unsaponiflablc and saponifiable con8tltI!enl^ 
us descrilie 1 in Tc.hI. 31) 

t'/Ufont Filnut 
Contains the 
metalhe bases n.<i 
tilt rates I'A:timi.u 
'{ualilativeh and 
then quantitative- 

(//i.oipioii/iaf'fc Mitihr 

t^iiponifiahli’ MnUrr 

J.nuii 

Kxainine a small portion by Test 

Sejiaratc the fatty and icsi i 

Determine 

ly for lead, n an- 

43 If liigher alcohols are present. 

acids as described in Test 37t 

pen ontuKC gl,\ - 

irunoHc, cobalt, 

Hepiiraii' the balam 
into 

■e bv Test 31) j 

I'nlly Aritf.v 

/((Sin Acu/.x 

cerol bv Test 
10 Multipixi 

tills by ]0 t< 

/inc, calcium, and 
magnesium 

(N B-Thelust 

llgilrortirhoH'. 

llij/hir Alrohol' 

Include uckIs 

Include acids 

estimulc per 

three used for har- 

Contain the 

E:c 

lcn^ed from 

derned from 

lent of icgc- 

ilcnmg rosin 'I'hc 

bituminoue sub- 

Coiilsin cho* 

vegetable and 

rosin ami the 

talile or niiimii 

1 metalhe driers 

stances (i o as- 

Icfttorol etc <k'- 

animal oils m 

'tossil resins 

oils or fats 1 In- 

'should not bo 

phall coal-tar juteli 

rived from wool 

fats, also from 

(Note •‘B") 

L'li ccridesi|ire' 

found by Ignition, 

uiisiip iniitter dc- 
rixed from fatty 
acid pitch, etc ) 
Kxamine bv the: 
methods mcliidcil 
in Chaps XXVIII 
to XXXI inclusive , 

urease, also the| 
iinsuponitiable 
const it uents 
oriKinnlly pro-<- 
ciit in resins 
tf to S';;) 

f a 1 1 V • a <' 1 d 
pilch 

'Note "A") 


cut III the on 
'uiimisulistancc 
(Note"(.”‘) 

.since the lead will 
he reduceil to 
metal bv the or¬ 
ganic matter, and 
volatilized } 


Noli- " A ■’ 


The followitiK means arc used to diatmfciiish between the fatty a''uia derived from oxidiz<-<| veite* 
table or animal ods and fatty-acid pitch reapectisely 

Filth/ Ariili l)iiitii{ Fittli/ Ariifx Dmird 

From Vif/ihihle <o Fiom Fiilh/-arid 

[mmnl Oil' I’llrb 


Ijxctone Value (Test 
K and S KusniR-point (Test Ifio) . 
Kardneu at 77® V (Test He) 

Color in Mass (Test I) 


. Less than 25 
Less than SO® F 
Lees than .5,0 

.. Translucent yellow to brown 


(heater than 25 
Orejitof than 80® F. 
Creator than 5 0 
Opaque brown to black 


(Note "B‘') 

Test qualitatively for mein by the I.jchermann-Storeh reaction (Tett 43) Fcssil rosins may be 
distinguisheil from rosin by determininic the ssponifiratiOD. acid and eeter values of the mixed resin 
acids. The following figures ha\ e been reported on the reein acids separated as described:' 

*"The Petermination <»f Hoeh in Varidshee." by A. H GUI, J Am. Chem. Soe, SI, 1723, 1006; 
*'3h(illac Anahsie," by 1C. K. Hicke. 8lh Intern. Cong, of Applied Chem., II, 115,1912. 
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Sapomficdiioii 

Value 

And 

\alue 

Faler 

Value 

Straight Roam Varniah 

182* 185 

n;2 

22 24 

Roam }; Kauri J \ aini'li 

122-i:t5 

44- 

72-78 

Roam 1, Kauri { Nariush 

H3 5 

88 


Straight Kauri Varuiah 

IW 

45 

85 

Untreated Hosm 


1.'1.5-170 

0 13 

Uotresled Kauri Cluin 

1C4 

41 

!• 83 


other resuie n;ay ho exaiinncd iii u like iiiBniicr, alllioiigli Hiifortunafelv. fiRiirra an- not at |irraeo( 
available. 

\..i. "<■■' 


If thia rorrospoiKiB with the total Bapoiiifiahle matter preieiil (Teat .'W). then falt\*a<-j<t piti h and 
reams are ahaciil ' 

The following is an outline of a inelhod devised liy the nulhor for examining 
the dry films of paints, eements, varnishes, eniiniels, or japans winch have luvn 
applied to surfaces of metal wood, masonry, or prepaied roofing. It ofleii liapiams 
that none of the original material is availalile, and it liecomes neirssary to i Miiiiinc 
the paint after it haa been applied to the olijeet intended, and idliuved to harden . 
or oxidize in the air, either nt normal or elevated temia'ratures. The inelhod haa 
been found to yield fairly accurate results. 

Carefully scrape 50.00 g of the iiainl or varnish film from the sur arc to which 
it has been applied, and avoid including any of the underlying aurfare.' ITom this 
point on the method is outlined in the following table: 


Mitho-I "j lM.i/v-‘"'f/ 

Boil 50 K et'rarmpB with ;ir.» r r of tho wipf.nifMi.*? li.tnid (Test aO) under s reflui r.mdwim for I 


Add rr hoiitol alfoliol (I 1). b.il. Irt Bcitle uiid dc<at.l the aiipfriiatai.t liQuid mto a 
V HejtCBt the irfaln cnt «Uli licnrol-a'.( iIk'I (I I) until imut of the aohihle innetitiieiiti 

hiireheen extracted, then comhinc the extra-ffl and let Btand .niielly to reroxer any further Beltliiiga, 
which after de-aiit.iluHi ami wnBlutur ar<’ .-itl.'ctl t- the n mu of ihe refli diic __ 


hour 
larite fiaak 


Bentol-Atcohol (I 
Bztractt. 


Drv lu an o\eii at ItKJ® (' . piiBerue fmelv. traricfer to a paper thimble aod 
rxlraft in a Soxhlct «ilh t.enrol-nhohd C: It for U* ImiirB 


(2 W I.Jlrurl 


Comhmc the l,cni..|.«lsoh..l 11 II in d (I 11 c.lrail., evapoKlci I.. 1 . 
.mall bulk. »c»l »f| »r«le H'C ui .iipej.ili.lJe an.l .«|.i.i.ibublc r.,j..liluei.le 
aw diwfrdt-'il in T-i-t 

Un»apot,ifial>U MiiU>r \.'i<jpon\fialA t/'IPr j 1vug.niW,rii/<f 
Ksamme as dc8cnla-l; I.\an me as dot-riliHJ| Kxaimnc as dwrilni.i 


Iff. VI,/Mr 

Drv, iKiiitv and wfi/cb 
Thin in< ludcK lUKniviitx and 
ItilliTB, Iroo carlioii from tare 
,<r pitchcB. also any mctallio 
drycfB present (Note "A*'). 


Soh ’M" 

This should be ejuiiured luicroscturslly (Teet 3I1./1 for fillers, sn.l sul.jerled to s iiuslilslive or 
ouuutitstiis chemicsl snsbsiB Note that siiy chrome sreeii, chr..uie tell..., I>rus.isii l.lue. etc . ys 
trsusposed by the alkali, and these, also lampblack or earboo blacks are decop.po«id on l,mtion. (or 
which <lu(* allowance must be made. 

."Determination of Oil and Ream in Varniah." by K W Boujihton, Techuoiofic Paper No. 65. 

Bureau of Standarde. WaBh., D C . Feb. 19, 1916 j . i u 

tTho blivde of a safety rator bold at right-armlcfl U> th« niirfac* Brfap«*d. and drawn arroM i( 
slowly but firmly has bct-D found convenient for tbia purp-w 







CHAPTER XXXIII 
WEATHERING TESTS 

Effects of Weathering. All suKstancos undergo a change on being 
exposed to air, moisture and sunlighl. Metals undergo corrosion, rocks 
disintegrate, wckkI decays and animal or vegetable libres decompose 
by hydrolysis, liiluminous substances are not immune fiom such action. 
On exposure to the weather ti.e., air, sunlight and moisture) they will 
change physically and chemically. 

In the early days of photography, solutions of asphalt in etherial 
. oils such as turpentine, oil of lavender, etc., were used for preparing 
the sensitized photographic film. On exposure to light under the lens 
of a camera, certain changes took place in the asphaltic coating, as 
evidenced by the fact that upon subjecting it to the action of tur¬ 
pentine, those portions which had been in contact with light became 
insolubli!, but those protected from its action readily dis.solved in the 
solvent, bringing the photographic image into relief. It took rather a 
long exposure to produce satisfactory images, since asphalt is only 
moderately sensitive to light in comparison with some of the high-speed 
photographic plates in use at the present time. Nevertheless very 
artistic results have been produced by this crude method. It was soon 
observed that certain forms of asphalt were more sensitive than other, 
and Syrian asph.alt in particular (p. b'i.")) became very popular on 
account of its purity, solubility, hardness and sensitiveness to the light’s 
rays.' It was subsequently found that the addition of sulphur chloride 
increased the sensitiveness of native asphalts,^ but petroleum asphalts 
were apparently rendered inert in its presence. Further investigations 
revealed the fact that petroleum asphalts free from paraffine are rela¬ 
tively the most sensitive towards light." 

Maximilian Toch noted that bituminous materials on exposure to 
sunlight decomposed with the liberation of “ free carbon.”" His experi- 

* "Syrian Asphaltum for Printing Platea.” C. Fleck. J. 5m. Cfcrm Sni., It. 268,1904. 

*"lDcrcaM of Senaitncncaa of Asphalt," K. Valenta, Phot. Korr., 47, 236, 1910, "St-nsitivi'm-ss 

of Asphalt to t.iKht," by A Uosingcr, TArm Zf{r. S4, 243. 1013, "Chemistry of Asphalt ami Kspooially 
PhotO'Chemical Properties," by Paul Gotirich, A/ontif^A , SI. 535, 1915. 

* "I'he Light'Sensitiveness <>f Petroleum Asphalt," by Paul Gbdrieh, CKem. Ztg., S9, 832,1915. 

‘“'Hie Influence of Sunlight on Pnims ami Varnishes," by Maximilian Toch, J. Sot. CAem. Ind., 

IT, 311, 1908. 
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ments indicated that this action was inhibited by incorporating an 
opaque pigment. He pointed out further that animal and vegetalde 
oils (triglycerides) are not affected in this manner, and when blended 
with bituminous materials, apparently retard the action. 

Investigations of the wealhcniig of bituminous substances have been conducted 
by Hubbard and Reeve,* Church and Weiss,* Reeve and Anderlon* and Rt eve and 
Lewis.* The changes brought aliout upon exjKxsure to the elements are (t^iitt* com¬ 
plicated, involving one or more of the following reactions; 

Evd^HmiUon. This represents the gradual loss of volatile constituents on ex|H)- 
sure to air and the sun’s heat, ('ertam liiluminous materials evaporate {juitc 
rapidly, and especially the tars. With any bituminous substance the rate of evap¬ 
oration depends almost entirely upon the lein|)erature, Other things iH'ing e(jual, 
the higher the temperature the grx'atcr the volatilization The deteimmafion of 
volatile matter (1’est 0) is usually n'garxied to In* an accelerated evapoiation te.st, 
which is supposed to show in a relatively short lime at an elevated It'iiiiK'rature, 
what takes place over a lengthy period wh(‘ii exjiostal naturally to the air and .'‘iin, 
This is not, however, strictly correct, as will lx* e.xplained below. 

(hiihtiou This tak(‘s pla(« on exiKi.surc to air and progrcs.ses more rapidly ’ 
at high than at low temperatures. The effect of oxidation is twofold, and involve.s 
the direct union of oxygen with the bituminous su)>slaneos, also the elimination 
of a portion of the hydrogen in the form of water These two reactions may be 
expressed roughly as follows: 

C,H,40 = C,H/) 

\ HA 


The absorption of oxygen is accompanied by a gain in weight whereas the 
elimination of hydrogen is accompanied by a Ions in weight. At low leiii|K'ralun‘s, 
these reactions are probably induced to a large extent by the aclinic light rays. 

It is recognized that bituminous subhiances Indiave differently when heated in 
an inert atmosphere such os illuminating gas or nilrogim, than when heated iindi'r 
similar conditions in air or oxygen. In the former instance evaporation only takers 
place, whereas in the latter, evafioration occurs as heforo, but this at the same time 
is accompanied by a loss in weight due to elimination of hydrogen, also l>y a gain 
in weight caused by the absorption of oxygen. The extent and nature of these 
reactions will depend upon the substance itMlf, and also on the cunditioiiH to 
which it is subjected 

Carbonuithou. This represents the formation of “free carbon” in the bitu¬ 
minous material, and is induced by an extensive elimination of hydrogen as indi* 
cated by the follovdng reaction; 

2CxHj* C* m + f/H jO* 

e*'Tbe Effect oi Exposure ou bituni< iih," by Fri'vost Hubbard and C. S. Reeve, /. Ind. Bng. 
Chtm, t, 15. 1913, 

* "Some EiperimenU on Technical Bituniena," Prof Am Soe Ttrltna MatrnaU.U, 276, ]Q\$. 

•"The Effects of Exposure on Tar Producla,” by C 8 Reeve and H A Andertoti, J Frankltn 

Jn«t. 463, Oct 1916 

• "The Effects of Exposure oo Soois Ftuul Bitumens," by C. 6. Reeve aod R. H. Levis, J. Ind. 
Cktm . 9, 743, 1917. 
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In‘Other words, it represents the elimination of hydrogen carried to an extreme. 
As a matter of fact, the deposit of free carbon generally contains a small percentage 
of hydrogen, and is rarely composed of pure carbon. (See Hubbard, loc. cit.). 
This reaction progresses most rapidly in sunlight (p. 571) but will similarly take 
place upon subjecting the bituminous substance to a high temperature (see "Over- 
heating,” p. ;i40). 

Polj/mnizntioii. This is due to a condensation or polymerization of the mole¬ 
cules, and manifests itself by a hardening or ”setting” of the substance.' This 
polymerization has also been termed ” spontaneous hardening ” and is comparable, 
in a way, to the hardening or setting of Portland cement. The reaction may be 
expressed as follows: 

nCjHy=Cnjnn|t 

Bituminous materials after being freshly melted will appear softer and show a lower 
fusing-point than upon standing a day or two. For this reason it is recommended that 
the hardness and fusing-point be delormincd on the freshly incited material. PoIviiktI- 
zation also takes place to a greater or lesser extent on heating bituminous materials 
to a high temperature, and is especially noticeable in fatty-acid pitches, some of 
wliicli set and become mfusiblr upon being heatiHl in the neighborhood of ('. in 
tli(' same iiianiH'r as elnna-uoo<I oil. 

Kj[f<rts of Moisture. All bituminous substances arc more or less affected upon 
exposure to moisture, which manifests itself in two vays, nanady ly tlie actual 
absorption of water and by the gradual leaching out of solul le (<.nstitucnts. Thm? 
actions become intensified when tlie substance has oxidized, since oxygenated sub¬ 
stances seem to have a greater aflinity for moisture than the hydrocarbons them¬ 
selves. 

The moisture-alisorbing projicrtieg of bituminous sulistanccs may lie demon¬ 
strated optically by pasting a postage stamp on a piece of glass and coating it 
with a film of tiie liituminous suhstance apidicd in the form of ])ainl. After the 
solvent has evaporated, the sheet of glass is immersed in water, ^\ithin 24 to 48 
hours the water will be observed to have iiermeatcd the paint film, loosening the 
postage stamp, and fonmng a Idister umleimath. 

ExjKisure to tlie weather alTecis the physical and chemical cliaroctcristics of 
biiuminous substuncco in the following n.aniier, viz.: 


(Teat 1) 

Color n II KStt 

. .. Hocones liKhter: 

(Teat 2) 

lioiiioueiieily . 

.Dcairo>e(l !>} the formation of free carbon; 

(Tent 6) 

I.uatre. 

.Diaftppeare. (he eurfaoe heroming dull, 

(Test 6) 

Streak. 

tin ra t ' a \ cilow; 

(Test 7) 

8p. gr. at 77* F . 


(Teat H) 

Vwcoeity 

. Inrreasoi 

(Teat 1)) 

llardneeaor i-oi.oisteoi-y . 

. lorrearcs 

(Teat 10) 

Ductility 

Decreases. 

(Teat 11) 

Tensile elreni'di. 

lerreasc.**, 

(Test \2) 

Adlieaiveaess . 

Decreaeta, 

(Teat I.t) 

FiisinK-poitit . 

Increases. 

(Teat IR) 

Volatile matter . 

Decreasof: 

(Teat 17) 

Flash-point.. 

liif-roasce. 

(Teat 18) 

Burning-point. 

. ImTcaacs: 

(Teat 19) 

Filed carbon. 

. .. Increasea, 

'"The Tcaiing of Ditumi'iit for 
MoUnalt, S, 3S9, 1903. 

Paving Purposes," by A. W. Dow, Proc. An. Soc. Peiftag 
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(Teat 21a> 
(Teat 216) 
(Teat 22) 
(Teot 23) 
(Teat 31) 
(Teat 37) 
(Txjat 39) 
(Test 40) 


Solubility Id rarboa disulphide. 

NoB*mioerftl matter inoulublo 
Carbenes 

Solubility in 88^ petroleum oaphtha 
Free carbon 

Saponifiable ronetituents . 
Uusaponihable matter 
Glycerol. 


Decreases: 

locresaes, 

\ unable, 

1 c< rcaaes. 

liirrruecs, 

I'tK'lmnged, 

riicbaiiKcd, 

Uni'haiiKed 


The weather-resisting properties of liitnininous siilistanres are of primary inijxir- 
tance m the case of liituimnized roof coverings, lutuminous phints, mnents, varnishes 
and onartiels, on account of the relatively la}eis in uhieh these products are 
customarily employed. 


Nt’HPRK 

D/kTI' 1 IIHR.HP 

Ntfflf 

lly 

Manufartiiirt 

Cumf.'D Com 

« 


Ciin>f>'n fl 



UhIi MnMiilaclit,|.d 

(till .ml 


I’frdom Color 

Hcniarlii 


hunl.S'iMt'n 

Amount < hat 

4)liM.-rviiUoas 
Wbiu hir'd 

TopOxtinf - 

Amount Char 



ThHk.KM W.isM 


hiabillty M ^ T.o- 

_^- 



Conducting Weathering Tests on Bituminired Fabrics. The following system 
has Ix-en adopted l>y the author for conducting cxiMisuro tesis on hituniinizt'd roof 
coverings, viz.: 

Sections 18 in. by 30 in, or 18 in by 32 in. ileiionding u|Hm whether the roofing 
is 36 or 32 in. wide, arc taken across the sheet, the cutting being sharji and square. 
These are cxjxised on a platform, compioscd of I in. tongued and grooved boards, 
preferably pine, having a 2 in. slojie to the south, the samples being nailed with 
large-headed galvanized barlied roofing nails at the four comers, midway across 
the 18 in. edges, and at three intermediate |K>ints along the 36 or 32 in. edges, a 
total of 12 nails l>ctng used. A convenient card for recording data both mitially 
and after exposure is illustrated is Fig. 205. 
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The predominating color is expressed numerically as follows: 1—white. 2—fairly white, 3—some* 
what yellowish, 4—yellow, .'V- light gray, fi—dark gray, 7- black, S—beconung lighter, 9—becoming 
ilarker. 10—glossy, 11—dull, 12-iridescent. 

The amount of soapstone is also recorded in digits, as follows. 1—much, 2—considerable, 3—little, 
•I—very little, ■'>—none 

The character of the soopstone is recorded by 1—coarse, 2—granular, 3—medium, 4—fine. 

The amount of the top coating by I- much, 2—coneiderable, 3— little, 4—very little, li—none 
The charai'tcr of the top coating, 1—coarse \eimiig, 2—moderate veining, 3—fine veming, 4— 
barely veined, •>— smooth. 

The dinieiiSKiiis arc recorded in inches nieasiircd lengthwise and across the specimen, the thickness 
in mils, the weight m grams, the pliability expressed as on p .'>(>1. and the tensile strength as on p. .5()2. 

Both the indoor and exjMiscd samples are examined at the following intervals, 
viz.: i year, 1, 2, .'1, 4, 5 and 10 years, and the data recorded on the reverse side 
of the card, in columns A to II inclusive. The condition of the surface is expressed 
in digits as follows: 

(A) the amount of fixed soaiistone remaining, ciprcssftl as 1—much, 2—consitlcrable, 3—little, 4—very 
little, none 

(H) the amount of wcatlicr-coating remaining, expressed as I—intact, 2—considerable, 3—little, 4— 
very little and .'i- none 

(C) the condition of the cx|)oscd surface, exiircssed as 1—iinclisiiged, 2- homogenenus. 3- mottled, 
4—smooth, .'i— rough, (1- few fine cliecks. 7— co\ ored with hue ctiocks, S—few coarse checks, 9— 
covered with coarse chocks, 10- chci'ks ilisappeanng, 11—few blisters, 12— covered with blisters, 
13—pitteil, 11 few Jiair cracks, l.V-coverod with hair cracks, IG—covered with coarse iracks, 
17—felt cxposeil iii spots, IS- felt largely exptiscd. 

(Da) the preilonunating color of the imloor sample, and 

(Ub) the prcdoimnaling color of tlie expr-sod aaniple extuessed as noteil prev iously. 

(E) the amount of "dusting*' determined liy rnidung the surface with a white cloth and observing 

the amount of weathercri lutuminous coaling romoverl, dcsigimted as I—none, 2—very little, 

3— litth', l—coiifiiderable, .'i—very much 

(F) the infiuencQ of rubbing on the color, desigi nted as I—none, 2—becomes dull, 3—becomes rusty, 

4— becomes lighter, !)—becomes ilnrkcr, G licconies glossy. 

(Oa) the pliability of the indoor sample at 77^ F tscc p. -'til), and 
(Gb) the pliability of the exposed suniplu at 77® F 

(lla) the tensile slrcngth of the indoor sample at 77® F.. and 
(Hb) the tensile strengih of the exposed Hniii]i)e at 77® F , and 

(lie) the percentage uicrense or dei rcase m the tensile strength of the exposed sample over that of the 
indooi sample. 

'Phe S sjici'imcns illusiraled in Mr. 2()l) reprc.scnf typical surface oonditions as 
recorded in coliiiun (1. 'I’lic appearance tif siiecimen A may lie expro.ssed as 1-2 
(unchanged and homogcni'ou.^i; liiat of .sjiocimcn B as 7 (covered wilh fine checks): 
Sjiccmien (' as 11 (covered with coarse checks); specimen 1) os 10 (checks disap- 
jicarmR, meanuiR that they existed when the jircvious ohservation was made, hut 
have since lurRcly disapjicarcd); that of s|H»cimcn E as 11 (showing a few blisters); 
that of 8[)eciinen V as 15 (covered wilh h,air cracks); that of sjiecinicn G as 16 
(covered with coarse cracks); sjicciiMen II as 18 (felt largely exposed). These 
photORraplts weix' taken afler the siiecimens were exposed to the weather for five 
years. Eig. 207 shows speeimens A and H enlarged 3J diameters. The veined 
surface of A shows up very distinctly, and also the characteristic uneven appearance 
of the roofing when the wvathcr-enating has worn oflf and the felt fibres exposed, 
as in 11. 

"Cheeking” is distinctly a stirfacc phenomenon which manifests itself with 
certain sulistanees on exposure. The checks rarely extend entirely through the 
bituminous coating, and are siTtningly caused by the hardening and contraction 
of the ui)t)er stratum, resulting in a tension which is sufficient to cause it to crack 



WEATHEEING TESTO 



(D) (H) 

Fio. 206.—Mecto of Exposure on Smooth-surfseed Prepared Roofingfc 
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and slide over the softer sub-stratum. Dituminous substances nhich are largely 
influenced by changes in temperature (in other words having a high susceptibility 
factor) are likely to check. As the “8|>ontaneous hardening” (p. 576) progresses 
downward into the lower layers, tlie cliecks gradually disappear. 

Blistering is caused either by the accidental inclusion of globules of moisture 
underneath the bituminous coating, or by using a saturating material carrying an 
almormnlly large profiortion of volatile constituents. The heat of the sun will 
cause these to gradually va{>orize, and tlie pressure exerted on the weather coating 
form.*? blisters. 

Hair cracks are caused by the contraction of the liituminous materia!, and take 
place with substances which arc hard, brittle, and devoid of clastic properties. The 



(A) (H) 

Fto. 207. ICiil.irgciticiits of Specimens A and H In Fig. 20<l 


action is aggravat'd by the use of soft plastic saturating n.alenals in conjunction 
with a hard and brittle coating. The cracks usually extend nil the way through 
the liituminous coating, and will neither seal up nor disappear in time, as is the case 
with the checks. 

Tlie predominating color is a criterion of the rapidity with which the soapstone 
or mineral matter on the surface disapiiears, and the ” dusting ” furnishes an indi¬ 
cation of the rate with which the bituminous coating weathers away on exposure. 
As bituminous substances weather, they form a pulverulent chalk-hke mass having 
but little coherence, and which is therefore easily removed by wiping with a cloth. 
This corresponds to “ chalking ” of linsced-oil paint films. The influence of nibbing 
on the color is of supplemental value, furnishing an indication of how deep the 
weathering has progre.ssed. 

The pliability of the roofing shows to what extent the roofing has “ dried out," 
bearing in mind that when the pliability decreases to a certain extent, the sheet 
can no longer fulfil its function properly, but will break upon being subjected to 
ft severe vibratory strain. 

The tensile strength indicates the extent to which the weathering has weakened 
the roofing, also an approximation of its residua! wearing qualities. By constructing 
A curve of the tensile strength of the sheet at different intervals, some idea may be 
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gained of its probable durability. As tbe roofing ages indoors, it gradually gains 
in strength, until it finally remains constant. A similar sheet exposed out doors, 
rapidly gains in strength up to a certain point, whieli eorresponds to the disappear¬ 
ance of its weather coating. The tensile strength will thereupon demase until it 
falls below the corresponding strength of the indoor sample The roofing reaches 
its " mean effective life ’’ when the strength curve of the outdoor sample crossiN 
the curve of the indoor sample. This will lie made clear by Fig 20s showing the 
strength curves of representative high-grade I, 2 and 3 ply smooth-surfaced pre¬ 
pared roofings weighing 32, 42 and 52 lb. net per 108 sq.ft. The solid lines'represent 



the strength of (he outdoor sainph's, and (lie dott«“d linos (lie cdrrospotnling strength 
of samples aged indwrs. The following figure.') uill mterpn;! the <liagraiii, viz.. 


Origioftl Btrenglb. 

MBximum strength outdoor sample 
Outdoor sample same strength as indoor 
Outdoor sample same atrength as originally 


4 llif 

l)lv 

Th 

.-Plv 

hr< 

p-piv 

Yrnrs 

Lbs 

Vrars 

I.liB 

\ f-ars 

Ms 

0 


0 

70 

0 

00 

7 

M 

10 

120 

12 

H5 

0 

7r, 


00 

15 

115 

10 

50 

13 

70 

IM 

00 


The mean effective lives of the roofings m question may lic taken as 0, \'i\ and 
15 years respectively, and the maximum effective lives as 10, 13 and years. 
The life of the roofing may be prolonged by painting it with a high-grade bitu¬ 
minous painig before tbe weather coating has entirely worn away. 
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Conducting Weathering Tests on Bituminous Paints, etc. Bituminous paints 
may similarly be tested by applying them in one or more coats to steel sheets 
or wooden panels, and observing their appearance at regular intervals. The follow¬ 
ing features should be recorded; 

(1) Lom of lustre. 

(2) Coodition of the exposed surface. 

(3) Amount of dustiof. 

(4) Influence of rubbinc on the color. 

(A) Any chipping of the paint and exposure of the underlying surface. 

(6) Any corrosion in the rase of the steel plates. 

Iteins 2 , 3 and 4 are recorded as in the foregoing tests on prepared roofings, 
and items 1, 5 and 6 in accordance with any convenient scale of measurement. 

Much has been written concerning the methods for performing exposure tests 
on paints, and for further information on this subject, the reader is referred else¬ 
where. 


FINIS 




